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xvi Preface 


American Petroleum Institute. I have simplified these codes for easy 
understanding and practical apphcation. 

I would like to express heartfelt thanks to my friends, manufacturers, 
supphers, repairers, Inspectors, Insurance companies, jurisdictions, and 
numerous organizations for the valuable information and assistance 
they provided to me. I could not have done it without them. 

The contents of this book will educate the reader on pressure relief 
devices. The reader is advised to exercise sound judgment in using 
information presented throughout the book. I will consider my work 
useful if the reader can apply information from this book to ensure 
smooth functioning of the pressure relief devices in a way that will 
protect human lives and property. 


Mohammad A. Malek, Ph.D., PE. 
Tallahassee, Florida 
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2 Chapter One 


Figure 1.1. Karly safety valve design. 


Later this idea was followed by others. John French published the fol- 
lowing statement about the action of such a safety valve: “Upon the top 
of a stubble (valve) there may be fastened some lead, that if the sprit 
be too strong, it will only heave up the stubble and let it fall down.” The 
word steam was unknown at that time. In these old books, words such 
as vapor, spirit, or smoke were used instead of the modern words gas and 
steam. 

In the United States, there were 1700 boiler explosions resulting in 
1300 deaths during the 5 years between 1905 and 1911. On September 
15, 1911, the American Society of Mechanical Engineers (ASME) 
appointed a seven-member Boiler Committee to establish specifications 
for construction of steam boilers and other pressure vessels. In 
November 1914, an 18-member Advisory Committee was appointed. On 
December 14, 1914, the Boiler Committee and the Advisory Committee 
started preparation of a final draft. The first AMSE code, Rules for 
Construction of Stationary Boilers and Allowable Working Pressures, 
known as the 1914 Edition, was adopted in the spring of 1915. 

In this first 1914 Edition, pars. 269-290 (pp. 68-75) were dedicated 
to safety valves for new installation of power boilers. Requirements of 
safety valves for boilers used exclusively for low pressure steam and hot 
water heating and hot water supply were covered in pars. 347—360 
(pp. 83-85). All the paragraphs related to safety valves from the first 
boiler code are extracted in App. A. 


1.2 Pressure Vessels 


Pressure relief valves are used to protect pressurized systems from 
exceeding the design pressure. A pressurized system is a closed container 
designed for the containment of pressure, either external or internal. 
The pressure may be imposed by an external source, by the application 
of heat from a direct or indirect source, or any combination thereof. 
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4 Chapter One 


Figure 1.2 Water heater explosion at Avon High School. 


The hot water heater failed at a weakened area near the welded lon- 
gitudinal lap joint. The thinned area might have been leaking slightly, 
resulting in abnormal conditions in the water heater. As the thinned 
area failed. the longitudinal seam also failed along the heat-affected 
zone of the weld. At one point, the temperature of the water in the 
vessel exceeded 212°F, flashing water into steam. The T&P relief valve 
(Fig. 1.3) installed on the water heater should have prevented the 
vessel from reaching excessive pressures and temperatures. 

On testing, it was determined that the T&P relief valve failed to oper- 
ate and did not prevent the temperature in the vessel from reaching 
212°F. The water heater had a maximum allowable working pressure 
of 150 psi, but when the T&P valve was tested after the explosion, it 
reached a pressure of 184 psi before the test was finally stopped. 

The accident report concluded that the nonfatal blast was caused by 
a combination of factors, namely a faulty T&P relief valve and a corroded 
and weakened vessel. 


Boiler explosion at Ford Motor Rouge Complex. One of the largest explo- 
sions in recent years occurred at the Ford Rouge manufacturing com- 
plex on the Rouge River in Dearborn, Michigan. The explosion killed six 
workers and seriously injured 14 others. 

On February 1, 1999, at approximately 1:00 p.m., there was an explo- 
sion in the power plant jointly owned by Ford Motor Company and 
Rouge Steel. The 80-year-old plant covers 1110 acres, houses six Ford 
manufacturing companies and Rouge Steel Company, and employs about 
10,000 workers. The accident halted production at Ford’s Dearborn 
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6 Chapter One 


in 1998. three people were injured in 1997, and nine people were killed 
in 1996 as a result of pressure vessel accidents. An industrial survey 
shows that there were 1550 accidents to unfired pressure vessels in 
2003, resulting in five fatalities and 22 injuries. Here is an example of 
a catastrophic pressure vessel accident in recent years: 


Digester accident at Kaiser Alumina Plant. On Monday, July 5, 1999, at 
about 5:00 a.m., an explosion occurred at the Gramercy Works Alumina 
Plant in St. James County, Louisiana (Fig. 1.4). One hundred employ- 
ees were working at the plant at the time of the explosion, which 
occurred in the digester area of the plant. A total of 29 persons were 
injured by the effects of the explosion. 

A report of investigation submitted by the Mine Safety and Health 
Administration (MSHA) concluded that the cause of explosion was exces- 
sive pressure in several tanks in the digestion area. The plant’s system 
of relief valves and piping failed to control the increasing vessel pressures. 
Further, some of the relief piping was clogged with scale, limiting the 
piping’s ability to relieve pressure in the digestion process. 


ria 
Figure 1.4 [digester system explosion in Kaiser 


Alumina Plant. (Courtesy Federal Mine Safety and 
Health Administration.) 
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8 Chapter One 


Pressure Relief Devices 


Reclosing ype | | Vacuum type Nonreclosing type 


Figure 1.6 Main types of pressure relief devices. 


Pressure relief devices protect a vessel against overpressure only. 
These devices do not protect against structural failure when the vessel 
is exposed to abnormal conditions such as high temperature due to fire. 

The main types of pressure relief devices are: (1) reclosing-type pressure 
relief devices. (2) vacuum-type pressure relief devices, and (3) non- 
reclosing-type pressure relief devices. Figure 1.6 shows the main types 
of pressure relief devices. 


1.4 Reclosing-Type Pressure Relief Devices 


A reclosing-type pressure relief device is a pressure relief device designed 
to close after operation. There are many types of reclosing-type pressure 
relief devices. Figure 1.7 shows types of reclosing-type pressure relief 
devices. 


1.4.1. Pressure relief valves 


A pressure relief valve is a spring-loaded pressure relief device, which 
is designed to open to relieve excess pressure and to reclose and pre- 
vent further flow of fluid after normal conditions have been restored 
(Fig. 1.8). It may be used for either compressible or incompressible 
fluids, depending on design, adjustment, or application. Pressure relief 
valve is a general term, which includes safety valves, relief valves, and 
safety relief valves. 


1.4.2 Safety valves 


A safety valve is a pressure relief valve actuated by inlet static pressure 
and characterized by rapid opening or pop action (Fig. 1.9). Safety valves 
are used primarily with compressible gases and in particular for steam 
and air. 
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10 Chapter One 


Figure 1.8 Pressure relief valve. (Courtesy Dresser Flow 
Control.) 


® Full-bore safety valve. A full-bore safety valve is a safety valve which 
has no protrusions in the bore and in which the valve disk lifts to an 
extent sufficient for the minimum area at any section at or below the 
seat to become the controlling orifice. 


1.4.3. Relief valves 


A relief valve is a pressure relief device actuated by inlet static pressure 
and having a gradual lift generally proportional to the increase in pres- 
sure over opening pressure. It may be provided with an enclosed spring 
housing suitable for closed discharged system applications. 

Relief valves are commonly used in liquid systems, especially for 
lower capacities and thermal expansion applications. They can also be 
used on pump systems as pressure overspill devices. 


Adjustable relief valve. Adjustable relief valves feature convenient 
adjustment of the pressure setting through the outlet port. These valves 
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12 Chapter One 


Figure 1.10 Electronic relief valve. (Courtesy Valvtechnologies, Inc.) 


3. The control system. The ERV is supplied with or without remote con- 
trols and display. Numerous pressure ranges from zero to 5000 psi 
(34.5 MPa) are available. Accuracy of 1/4% is achieved for 1000- to 
3000-psi and 0.1% for 5000-psi units. Standard units operate from 
115 V ac or V 125 de and control ac, de, or pneumatic actuators. 


1.4.4 Safety relief valves 


A safety relief valve is a pressure relief valve characterized by rapid 
opening or pop action or by opening in proportion to the increase in 
pressure over the opening pressure, depending on the application, and 
which may be used either for liquid or compressible fluid. 

In general, the safety relief valve performs as a safety valve when it 
is used in a compressible gas system. This valve opens in proportion to 
the overpressure when it is used in liquid systems hke a relief valve. 

Safety relief valves are classified as conventional, pilot operated, bal- 
anced bellows, power actuated, and temperature actuated. Details of 
each valve are discussed in Chap. 2. 


1.5 Pressure Vacuum Relief Valves 


A pressure vacuum relief valve, also known as a pressure vacuum vent 
valve, is an automatic or vacuum-relieving device actuated by the pres- 
sure or vacuum in the protected equipment. 

Pressure vacuum relief valves are generally used to protect atmos- 
pheric and low-pressure storage tanks against a pressure large enough 
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14 Chapter One 


Figure 1.13 Pressure relief valve. 
(Courtesy Enardo, Inc.) 


1.5.2 Pressure relief valves 


This pressure relief valve design provides protection against positive 
overpressure, prevents air intake and evaporative loss of product, and 
helps to contain odorous and potentially hazardous vapors. A pressure 
relief valve is shown in Fig. 1.13. 

Standard features include a dual-guided (top and bottom) pallet for 
smoother valve stroke, less flutter, and less valve wear. Generally, this 
valve is available in sizes 2 in (560 mm) through 12 in (800 mm). 


1.5.3. Vacuum relief valves 


The vacuum relief valve design provides protection against vacuum 
overpressure, prevents evaporative loss of product, and helps to contain 
odorous and potentially hazardous vapors. A vacuum relief valve is 
shown in Fig. 1.14. 

Standard features include a dual-guided (top and bottom) pallet for 
smoother valve stroke, less flutter, and less valve wear. Generally, this 
valve is available in sizes 3 in (75 mm) through 14 in (850 mm). 


1.6 Nonreciosing Pressure Reiief Devices 


A nonreclosing pressure relief device is a pressure relief device which 
remains open after operation. A manual means of resetting is usually 
provided. 

There are many types of nonreclosing pressure relief devices. Types 
of nonreclosing pressure relief devices are shown in Fig. 1.15. 
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PawZuosny IWSV 


Figure 1.16 Rupture disk. (Courtesy Oseco Inc.) 


pressure- and temperature-sensitive element of a rupture disk device. 
A rupture disk holder is the structure which encloses and clamps the 
rupture disk in position. A rupture disk generally requires a rupture disk 
holder, although disks may be designed to be installed between standard 
flanges without holders. 

Types of rupture disks include conventional, scored tension, compos- 
ite, reverse acting, graphite, and explosion. Details on each type of rup- 
ture disk are discussed in Chap. 4. 


1.6.2 Breaking pin devices 


A breaking pin device is a nonclosing pressure relief device actuated 
by inlet static pressure and designed to function by the breakage of a 
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- Plug 
body 


Figure 1.18 Fusible plug. 


installed. These devices are usually installed on low-pressure applica- 
tions and large gas distribution systems. They have limited process 
applications. 


1.6.5 Fusible plug devices 


A fusible plug device is a nonreclosing pressure relief device designed 
to function by the yielding or melting of a plug, which has a lower melt- 
ing point than the maximum operating temperature of the system to be 
protected. A fusible plug is shown in Fig. 1.18. 


1.7 Codes and Standards 


Pressure relief devices are designed according to codes and standards. 
Pressure relief devices should be manufactured, installed, operated, 
maintained, inspected, and repaired according to the laws and rules of 
local jurisdictions. 


1.7.1 U.S. codes 

Jurisdictions such as states, counties, and major cities have laws and 
rules governing pressure relief devices. Most jurisdictions in the United 
States have adopted one or more of the following codes and standards: 
# ASME Section I, Power Boilers (which covers safety valves) 

# ASME Scction III, Nuclear Components (which covers safety rehef valves) 
# ASME Section IV, Heating Boilers (which covers safety relief valves) 
® ASME Section VIII, Pressure Vessels (which covers safety relief 

valves) 


# ANSI/ASME PTC 25, Performance Test Code for Safety and Relief 
Valves 
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Chapter One 


PrEN ISO 4126-2, Safety Devices for Protection against Excessive 
Pressure—Part 2: Bursting Disk Safety Devices 

PrEN ISO 4126-3, Safety Devices for Protection against Excessive 
Pressure—Part 3: Safety Valves and Bursting Disk Safety Devices in 
Combination 

PrEN ISO 4126-4, Safety Devices for Protection against Excessive 
Pressure—Part 4: Pilot-Operated Safety Valves 

PrEN ISO 4126-5, Safety Devices for Protection against Excessive 
Pressure—Part 5: Controlled Safety Pressure Relief Systems (CSPRS) 
PrEN ISO 4126-6, Safety Devices for Protection against Excessive 
Pressure—Part 6: Application, Selection, and Installation of Bursting 
Disk Safety Devices 

PrEN ISO 4126-7, Safety Devices for Protection against Excessive 
Pressure—Part 7: Common Data 

Romania 

Romanian Pressure Vessel Standard 

Russia 

GOST R, Certification System 

Switzerland 

Specifications 62, Safety Valves for Boilers and Pressure Vessels 
Holland 

A1301, Stoomwezen Specification 

Norway 

TBK, General Rules for Pressure Vessels 

Korea 

KS B 6216, Spring-Loaded Safety Valves for Steam Boilers and 
Pressure Vessels 

Japan 

JIS B 8210, Steam Boilers and Pressure Vessels—Spring-Loaded 
Safety Valves 

Australia 


AS1271, Safety Valves, Other Valves, Liquid Level Gauges and Other 
Fittings for Boilers and Unfired Pressure Vessels 

AS121, Unfired Pressure Vessels 

AS1200, Pressure Equipment 


1.8 Jurisdictional Authority 


A jurisdiction is a government authority such as a municipality, county, 
state, province, or country. The codes and standards for pressure relief 
devices become mandatory only when adopted by the jurisdictions 
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24 Chapter Two 


The disadvantages of pressure relief valves are: 


® Relieving pressure is affected by back pressure. 


® Subject to chatter if built-up back pressure is too high. 


There are many types of pressure relief valves, based on design and 
construction. They are generally classified as safety relief valves, relief 
valves, and safety valves. 


2.1 Safety Relief Valves 


A safety relief valve is a pressure relief valve that may be used as either 
a safety or a relief valve, depending on the application. Safety relief 
valves are classified as: conventional type, pilot operated, balanced bel- 
lows, power actuated, and temperature actuated. 


2.1.1 Conventional pressure relief valves 


The conventional pressure relief valve is characterized by a rapid-opening 
pop action or by opening in a manner generally proportional to the increase 
in pressure over the opening pressure (Figs. 2.1 and 2.2). 

The basic elements of a conventional pressure relief valve consist of: 


# An inlet nozzle connected to the vessel or system to be protected 
# A movable disk which controls flow through the nozzle 


® A spring which controls the position of the disk 


Under normal operating conditions, the pressure at the inlet is below 
the set pressure and the disk is seated on the nozzle, preventing flow 
through the nozzle. 

Conventional pressure relief valves are used for applications where 
excessive variable or built-up back pressure is not present in the system. 
The operational characteristics are directly affected by changes of the 
back pressure on the valve. 


Working principle. The working principle of a conventional spring- 
loaded pressure relief valve is based on the balance of force. That 
means the spring load is preset to equal the force exerted on the closed 
disk by the inlet fluid when the system pressure is at the set pressure 
of the valve. The disk remains seated on the nozzle in the closed posi- 
tion when the inlet pressure is below the set pressure. The valve opens 
when the inlet pressure exceeds set pressure, overcoming the spring 
force. The valve recloses when the inlet pressure is reduced to a level 
below the set pressure. 
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100 


Lift of disk (percent) 


Blowdown Overpressure 


A 
Closing Set Maximum 
pressure relieving 
pressure 


Figure 2.4 Lift of disk versus vessel pressure. (Krom API RP 520.) 


The following are advantages of conventional metal-seated pressure 
relief valves: 


Lowest cost (in smaller sizes and lower pressures) 


Wide chemical compatibility 


High temperature capability 


Standard center-to-face dimensions (API 526). 


General acceptance for most applications 


The following are disadvantages of conventional metal-seated pres- 
sure relief valves: 


® Seat leakage, resulting in lost product and unacceptable emissions, 
causing environmental pollution. 


=# Simmer and blowdown adjustment is a compromise, which may result 
in intolerable leakage, and product loss. 


® Vulnerable to effects of inlet pressure losses. 
#® Sensitive to effects of back pressure (set pressure and capacity). 


® Generally not able to obtain accurate, in-place set-pressure verification. 
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30 Chapter Two 


Figure 2.5 Pilot-operated pressure relief valve. (Courtesy 
Farris Engineering.) 


Advantages of the pilot-operated pressure relief valve are as follows: 


# The pilot-operated valve’s set pressure is not affected by back pres- 
sure. The pilot control valve. isolated from the influence of down- 
stream pressure, controls the main valve’s opening and closing. 


# The pilot-operated valve operates bubble tight at higher operating 
pressure-to-set pressure ratios, allowing operators to run very close 
to the vessel’s maximum allowable working pressure. 

a As the system pressure increases, the force holding the disk in closed 
position increases. This allows the system operating pressure to be 
increased to values within 5% of set pressure without danger of 
increased seat leakage in the main valve. 


= Reduced cost of the larger size valves. The large spring and associated 
envelope is replaced by a small pilot, thus reducing the mass and cost 
of the valve. 


= Less susceptibity to chatter. 
Pilot-operated pressure relief valves have the following disadvantages: 


= Pilot is susceptible to plugging. 


# Potential for back flow. 
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through the pilot control and into the dome of the main valve. This 
pressure acts on the top of the piston in the dome, holding the piston 
firmly against the seat on the nozzle of the main valve. 


Relieving cycle. When the inlet pressure overcomes the spring force in 
the pilot valve, the pilot valve lifts. As the seat assembly in the pilot 
control begins to lift, it seals off the flow of pressure to both the vent 
and the main valve dome. At that time, the pressure in the dome is 
released through the pilot vent. As the pressure in the dome has been 
released, the system pressure acting on the bottom of the piston lifts 
the piston and relieves system overpressure. 


Reclosing cycle. When the system pressure blows down, the spring 
force in the pilot valve overcomes the force of the system acting on the 
pilot control seat assembly. The pilot control redirects system pressure 
back into the main valve dome, closing the main valve. Of course, blow- 
down can be adjusted by raising and lowering the blowdown adjuster 
position in the pilot valve. 


Types of valves. There are two general types of pilot-operated pressure 


relief valves: piston and diaphragm. 


Piston-type pilot-operated pressure relief valve. This type of valve (Fig. 2.7) 
uses a piston for the unbalanced moving member. A sliding O-ring or 
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Figure 2.7. Piston-type pilot-operated pressure relief valve. 
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Figure 2.9 Pop-action pilot valve. 
(Courtesy Dresser Flow Control.) 


between lift of disk or piston and vessel pressure in a pop-action pilot- 
operated pressure relief valve is shown in Fig. 2.10. 
Modulating-action pilot valve. The modulating pilot (Fig. 2.11) 
opens the main valve only enough to satisfy the required relieving 
capacity. Typical relationship between lift disk or piston and vessel 
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Figure 2.10 Typical relationship between lift of disk and vessel 
pressure in a pop-action pilot-operated pressure relief valve. 
(From API RP 520.) 
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Figure 2.12 Typical relationship between lift of disk and pressure 
vessel in a modulating-action pilot-operated pressure relief valve. 


(From API RP 520.) 
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Figure 2.13 Modulating-flowing-type pilot-operated pressure relief valve. (From API 
RP 520.) 
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38 Chapter Two 


Figure 2.15 Pilot valve tester. (Courtesy Dresser Flow 
Control.) 


Pressure differential switch. An electrical pressure differential switch is 
available which may be wired to a control room or some other location. 
The switch provides a signal that indicates when the main valve is 
opening. An option is also available to provide a pneumatic signal 
instead of an electrical differential switch to indicate when the main 
valve opens. 


Remote sensing. The pilot inlet may be piped to a location remote from 
the main valve. The customer may want to pipe the inlet sensing line 
to some location other than where the main valve is located and where 
the pressure will be relieved. 


2.1.3 Balanced bellows pressure 
relief valves 


A balanced pressure relief valve is a spring-loaded safety valve which 
incorporates a bellows or other means of balancing the valve disk to min- 
imize the effects of back pressure on the performance characteristics of 
the valve (Fig. 2.16). The term balanced means the set pressure of the 
valve is not affected by back pressure. Balanced pressure relief valves 
should be selected where the built-up back pressure is too high for a con- 
ventional relief valve. 

Back pressure which occurs in the downstream system while the 
valve is closed is called superimposed back pressure. This back pressure 
is the result of the valve outlet being connected to a pressurized system 
or may be caused by other pressure relief valves venting to a common 
header. Compensation for superimposed back pressure is provided by 
reducing the spring force. The force of the spring plus back pressure 
acting on the disk should be equal to the force of the inlet pressure 
acting to open the disk. 

When superimposed back pressure is variable, a balanced pressure 
relief valve is recommended. The bellows are designed with an effective 
pressure area equal to the seat area of the disk. The bonnet is vented 
to ensure that the pressure area of the bellows will always be exposed 
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The following are disadvantages: 


® Bellows are subjected to fatigue/rupture. 
# May release flammables/toxics to atmosphere. 
® Require separate venting systems. 


® Seat leakage, resulting in unacceptable emissions, causing loss of 
product and environmental pollution. 


= Simmer or blowdown may be unacceptable. 
= High maintenance costs. 
# Vulnerable to effects of inlet pressure losses. 


= Generally not able to obtain accurate, in-place set-pressure verification. 


Working principle. ‘The working principle of a balanced bellows pressure 
relief valve is similar to that of a conventional spring-loaded safety 
valve. The main difference is that the area downstream of the seat disk 
is enclosed within a protective pressure barrier to balance against back 
pressure. Figure 2.16 shows the seat disk enclosed by the bellows. 
When the bellows is installed on a conventional spring-loaded safety 
valve, the eductor tube is removed. Conventional valves can be easily con- 
verted to a bellows design or vice versa through the use of retrofit kits. 
The balanced bellows pressure relief valve works by the same prin- 
ciple as the conventional pressure relief valve, as described in Sec. 2.1.1. 


Types of valves. Balanced pressure relief valves are classified into two 
categories: balanced bellows type and balanced bellows with auxiliary 
balancing piston. 


Balanced bellows type. This valve is the same as the conventional pres- 
sure relief valve design except that a bellows has been added (Fig. 2.17). 
The bellows is added to the spring-loaded pressure relief valve for the 
following purposes: 


= Back pressure entering the valve through the valve outlet is excessive 
or variable. A bellows is required if back pressure fluctuates within 
+10% of a nominal value. If a built-up back pressure exceeds 10% of 
the set pressure or cold differential set pressure, a bellows should 
be used. 


# If the process fluid is slurry, highly viscous, or a type of fluid that 
enters the critical clearances between guides/disk holder, protect that 
area with a bellows. 


= If the process fluid is corrosive to the upper works of the valve, iso- 
late the bonnet chamber by using a bellows. 
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Pressure Relief Valves 
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Balanced bellows with auxiliary balancing piston. The balanced bellows seals 
the body and fluid stream from the bonnet and working parts. The aux- 
sating for back pressure in case of bellows failure (Fig. 2.18). The use 


iliary balancing piston assures proper valve performance by compen- 
of an auxiliary balanced piston is recommended when: 


Figure 2.17 Balanced bellows pressure relief valve. (From API RP 520.) 
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within a vessel from rising above a specified limit (generally 210°F). 
Second, the T&P valve also prevents pressure in the vessel from rising 
above a specified value. The valve incorporates two primary controlling 
elements, a spring and a thermal probe. 

The spring provides a force acting down on the disk, keeping it closed 
until the pressure in the vessel overcomes the spring force, then open- 
ing the valve and allowing fluid to escape from inside the vessel. When 
pressure is reduced as a result of this discharge, the spring causes the 
valve to close and permits normal operation of the system. 

On the other hand, the thermal probe senses water temperature in 
the vessel, and when this temperature reaches or exceeds a specified 
temperature, a pen or plunger within the probe pushes upward against 
the disk and causes it to open. The thermal probe accomplishes this by 
a waxlike substance within the probe which undergoes a phase trans- 
formation as a result of increasing temperature and expands when 
doing so. This expansion causes the pen to push upward, discharging 
fluid from the vessel. When fluid is discharged as a result of the probe 
operation, a cooler supply of fluid enters into the vessel, reducing over- 
all temperature in the vessel to within an acceptable limit. At this 
point, the pen in the thermal probe retracts and permits the spring to 
cause the valve disk to reclose. 


2.2 Relief Valves 


A relief valve is a spring-loaded pressure relief valve actuated by the 
static pressure upstream of the valve (Fig. 2.20). The valve opens nor- 
mally in proportion to the pressure increase over the opening pressure. 
A relief valve is generally used for liquid service. 

Liquid-service valves do not pop in the same manner as vapor-service 
valves, as the expansive forces produced by the vapor are not present 
in liquid flow. Liquid-service valves depend on reactive forces to 
achieve lift. Relief valves designed for liquid service have been devel- 
oped which achieve full lift, stable operation, and rated capacity at 
10% overpressure. 

When the valve is closed, the forces acting on the valve disk are the 
as those applied by vapor until a force balance is reached and the net 
force holding the seat closed approaches zero. From this point on, the 
force relationship is different. 


Working principle. At initial opening, the escaping liquid forms a very 
thin sheet of fluid (Fig. 2.21A), expanding radically between the seating 
surfaces. The liquid strikes the reaction surface of the disk holder and 
is deflected downward, creating a reactive (turbine) force tending to 
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Spring 


Liquid valve 
at initial opening 


(a) 


Spring 


Liquid valve Figure 2.21 Working principle of 
fully open and flowing a relief valve. (From API RP 520.) 


(b) 


2.3 Safety Valves 


A safety valve is a direct spring-loaded pressure relief valve that 1s actu- 
ated by the static pressure upstream of the valve and is characterized 
by rapid opening or pop action. Details about safety valves are discussed 
in Chap. 3. 
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# Pilot. The pressure or vacuum sensing component of a pilot operated 
pressure relief valve that controls the opening and closing of the main 
relieving valve. 


Piston. The moving element in the main relieving valve of a pilot 
operated piston type pressure relief valve which contains the seat 
that forms the primary pressure containment zone when in contact 
with the nozzle. 


Seat. The pressure-sealing surfaces of the fixed and moving pressure 
containing components. 


Spring. The element in a pressure relief valve that provides the 
force to keep the disk on the nozzle. 


Stem. Apart whose axial orientation is parallel to the travel of the 
disk. It may be used in one or more of the following functions: 

(a) assist in alignment, 

(b) guide disk travel, and 

(c) transfer of internal or external forces to the seats 

Trim. Internal parts, especially the seat (nozzle) and disk. 


2.5 Accessories 


s Lifting mechanisms. Lifting mechanisms are used to open the pres- 
sure relief valve when the pressure under the valve disk is lower than 
the set pressure. These mechanisms are available in three basic types: 
plain lever, packed lever, and air-operated devices. 


- Plain lever. The plain lever assembly is not pressure tight and 
should not be used where back pressure is present or where the escape 
of vapor around the lever assembly is undesirable. 

- Packed lever. This lifting lever assembly is packed around the lever 
shaft so that leakage does not occur around the upper part of the 
valve when the valve is open or when back pressure is present. 

- Air-operated lifting device. The air-operated lifting device uses an 
air cylinder to obtain lifting power to open the valve from a remote 
control station (Fig. 2.22). Regulated air, not exceeding 100 psig, is 
required for operation of the lifting device. 


= Bolted cap. Standard pressure relief valves are available with bolted 
caps 1n addition to the screwed caps. 


® Cap with gag. The gag is used to hold the pressure relief valve closed 
while equipment is being subjected to an operational hydrostatic test 
(Fig. 2.23). This is the only purpose for which the gag is intended, and 
it can be accomplished by pulling the gag hand tight. The gag should 
never be left in the valve during operation of the equipment. 
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50 Chapter Two 


® Test plugs. Test plugs are used for hydrostatic testing of the vessel. 
The test plugs are installed at the pressure relief valve openings. The 
plugs are available in pipe I.D. sizes from 0.98 to 8.53 in for pressures 
up to 14,000 psi (960 bar). 


® Valve position indicators. Generally, a valve position indicator is a 
microswitch apparatus used for remote indication of the opening of a 
pressure relief valve. It is designed to activate warning devices such 
as control panel lights or auditory indicators. 


® Bolt-on jacket. Bolt-on jackets on relief valves are used in many 
different process service applications. Viscous materials that freeze 
in relief valve nozzles create hazardous conditions. Process pipe 
jacketing may not provide sufficient heat to the area in and around 
the relief valve seat. During pressure surge, solid materials may 
stick in and around the seating area, resulting in the valve not 
functioning and reseating properly. The bolt-on jacket (Fig. 2.24) is 
a two-piece aluminum casting with a steel pressure chamber embed- 
ded in the aluminum jacket casting. The pressure chamber is fab- 
ricated of pressure vessel-quality materials for various heating 
fluids and service temperatures. The jacket casting conducts heat 
from the pressure chamber and distributes it evenly over the outer 
surface of the relief valve. Standard service ratings for the jackets 
are 150 psig and 500°F. 


2 


Figure 2.24 Atypical bolt-on jacket. (Courtesy Dresser Flow 
Control.) 
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54 Chapter Three 


LIFTING GEAR — adjustable position 
for tlexibility and ease of instaliation 


ADVANCED YOKE DESIGN — provides spring cooling 
and ensures stable set pressure. 


THRUST BEARING — provides accurate and easy 
adjustment of set pressures when in service, and also 
provides uniform loading of the valve spring. 


STAINLESS STEEL SPINDLE — with spherical 
bearing having large contact area for low unit loading. 
Low spindle point for improved seat tightness. 


PRECISION-WOUND SPRING — specifically designed 
to eliminate eccentric loading and to provide full relieving 
capacity at minimum accumulation. 


VENTED COVERPLATE — allows the 
valve to go to full lift at 3% overpressure. 


ADJUSTABLE LIFT STOP — matches safety valve 
capacity to boiler capacity, eliminates overpressure, protects 
against chatter, reduces reaction forces, assists stack sizing, 
and protects against overcompression of the spring. 


GROOVED DISK HOLDER — prevents disk rotation 
and permits motion with minimum friction. 


UPPER ADJUSTING RING — for attaining full lift 
at pop and controlling the pressure at which the valve 
will begin to close. 


HIGH-CAPACITY DISCHARGE — provides higher 
rated capacity and increases allowable back pressure 
to 25% of the valve's set pressure. 


THERMODISC™ — eliminates distortion due 
to thermal! stresses. Temperature differentials quickly 
equalize and permanent tightness is ensured. 


LOWER ADJUSTING RING — ensures sharp pop 
action of the valve on opening and cushions the valve 
on closing. 


INLET CONNECTION — welded or flange. 


Figure 3.1. Sectional view of a safety valve. (From Dresser Flow Control.) 


to continue to rise before any further lift can occur and for significant 
flow through the valve. The additional pressure rise required before 
the safety valve discharges at its rated capacity is called the over- 
pressure. The overpressure for compressible fluid is normally between 
3% and 10%. 

In order to accomplish full opening from this small overpressure, the 
valve has to be designed for rapid opening. This is done by placing a skirt 
or hood around the valve. The volume contained within this skirt is 
known as the huddling chamber. 
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The blowdown rings on the safety valves are used to make fine adjust- 
ments to the overpressure and blowdown values. The upper adjusting 
ring is usually factory set and if it is adjusted, this takes out the man- 
ufacturing tolerances which affect geometry of the huddling chamber. 
The lower adjusting ring is also factory set but can be adjusted under 
certain conditions. When the lower adjusting ring is adjusted to its top 
position, the valve pops rapidly, minimizing the overpressure, and 
requires a greater blowdown before the valve reseats. When the lower 
adjusting ring is adjusted to its lower position, a greater overpressure 
is required before the valve is fully open and the blowdown value is 
reduced. 


3.2 Classification of Safety Valves 


Many types of safety valves are used in modern applications. These 
safety valves are classified based on: 


Actuation 
Lift 


= Seat design 


= Lever 


Bonnet 


3.2.1 Classification based on actuation 


Based on type of actuation, safety valves are classified as dead-weight 
safety valves and pop-action safety valves. 


Dead-weight safety valves. Although dead-weight safety valves have in 
general been superceded by spring-loaded safety valves, the dead weight 
variety (Fig. 3.3) is still sometimes used for low-pressure applications. 
The closing force of this safety valve is provided by a weight rather than 
a spring. As the closing force is provided by a weight, it remains constant 
and once the set pressure is reached, the safety valve opens fully. 


Pop action safety valves. The pop-action safety valve is the standard or 
conventional safety valve. It is actuated by inlet static pressure and 
characterized by rapid opening or pop action. This type of safety valve 
is a simple, basic spring-loaded. and self-acting device that provides 
overpressure protection (Fig. 3.4). 

The basic elements of the design consist of a right-angle-pattern valve 
body with the valve inlet connection, or nozzle, mounted on the pressure- 
containing system. The outlet connection may be screwed or flanged for 
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connection to a pipe discharge system. In some applications, such as com- 
pressed air systems, the safety valve does not have an outlet connection 
and the air is vented directly to the atmosphere. 

The valve is held against the nozzle seat by the spring, which is housed 
in an open or closed spring housing arrangement (bonnet) mounted on 
the top of the body. The disks in rapid-opening (pop-type) safety valves 
are surrounded by a huddling chamber, which helps to produce the rapid- 
opening characteristic. 

The closing force on the valve is provided by a spring, typically made 
from carbon steel. The amount of compression on the spring is usually 
adjustable, using the spring adjuster, to change the pressure at which 
the valve is lifted off its seat. 


3.2.2 Classification based on lift 


Safety valves may be classified based on lift. The term /ift refers to the 
amount of travel the valve undergoes as it moves from its closed posi- 
tion to the position required to produce the certified discharge capacity. 

Safety valves may be classified as full lift, high lift, and low lift based 
on the amount of lift, which affects the discharge capacity of the valve. 


Full-lift safety valves. A full-lift safety valve is a safety valve in which 
the valve lifts sufficiently so that the curtain area no longer influences 
the discharge area. This occurs when the valve lifts a distance of at 
least a quarter of the bore diameter. That is, the discharge area, and 
therefore the capacity of the valve, is determined by the bore area. 

Full-lift safety valves are considered the best choice for general steam 
applications. 


High-lift safety valves. A high-lift safety valve is a safety valve in which 
the valve lifts a distance of at least 1/12th of the bore diameter. This 
means that the curtain area, and ultimately the position of the valve, 
determine the discharge area. The discharge capacity of a high-hft valve 
is significantly lower than that of a full-lift valve. For a given discharge 
capacity, a full-lift valve has smaller size than a corresponding high-lift 
valve. 

High-lift safety valves are used on compressible fluids, where their 
action is more proportional. 


Low-lift safety valves. A low-lift safety valve is a safety valve in which 
the valve lifts a distance of 1/24th of the bore diameter. The discharge 
area is determined by the position of the valve. Since the valve has a 
small lift, the capacity of a low-lift safety valve is much lower than that 
of full- or high-lift valves. 
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60 Chapter Three 


TABLE 3.1 Materials for Soft Safety Valve 


Seats 

Material Applications 
EPDM Water 
Viion High-temperature gas 
Nitrile Air and oil 


Packed-lever type. If fluid cannot be permitted to escape, a packed-lever 
safety valve is used. This type uses a packed gland seal to ensure that 
the fluid is contained within the cap. A packed lever is shown in Fig. 3.6b. 


3.2.5 Classification based on bonnet 
design 


Process fluid enters the bonnet (spring housing) if bellows or diaphragm 
sealing is not used. The amount of fluid depends on the particular design 
of the safety valve. Based on the design of the bonnet, safety valves are 
classified as open-bonnet or closed-bonnet type. 


Open-bonnet type. An open bonnet is used if discharge of fluid to the 
atmosphere is permitted. This has advantage when the safety valve is 
used in high-temperature fluid or boiler applications, because high tem- 
perature can cool the spring. However, an open bonnet exposes the 
spring and internals to environmental conditions that can lead to cor- 
rosion of the spring. An open bonnet is shown in Fig. 3.7a. 


(a) Open (b) Packed 
Figure 3.6 Lever types. (Courtesy Spirax Sarco, U.K.) 
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= Seat. The pressure-sealing surfaces of the fixed and moving pres- 
sure containing components. 


® Spring. The element in a safety valve that provides the force to keep 
the disk on the nozzle. 


3.4 Accessories 


Test gag. The purpose of the test gag is to hold the safety valve closed 
while the equipment is being subjected to a hydrostatic test. However, 
care should be exercised not to tighten the gag screw excessively, so as 
to avoid damage to the spindle and/or seat. The test gag should never 
be left in the valve during the operation of the equipment. It should be 
removed each time after hydrostatic test. 

Hydraulic lift assist device. Some safety valve designs can be tested 
for opening pressure while the boiler is operating at reduced pressures. 
The valves are tested after the hydraulic lift assist device is installed 
to augment the steam lifting force. This device eliminates the need for 
raising the system pressure above the operating level to check opening 
pressure (set pressure) of the valve for opening. 

The lift assist device does not allow the valve to go into full lift nor 
does it provide data concerning blowdown. Lift assist should be used only 
with valves designed for such devices, to develop a preliminary setting 
for new valves or when there is uncertainty that the valve set pressure 
complies with the nameplate data. 


3.5 Safety Valve Locations 


In order to ensure that the maximum allowable accumulation pressure 
of any system or vessel protected by a safety valve is never exceeded, 
careful consideration of the safety valve’s position in the system has to 
be made. As there is a wide range of applications, every application 
needs to be designed separately. 

It is practical to fit safety valves close to the steam inlet of any vessel. 
The following may be used as general guidelines for positioning safety 
valves: 


1. Aseparate safety valve may be fitted on the inlet of each downstream 
vessel, when the pressure-reducing valve supplies several such vessels. 


2. If supplying one vessel, which has MAWP pressure less than the 
pressure-reducing valve supply pressure, the vessel should be fitted 
with a safety valve, preferably close-coupled to its steam inlet 
connection. 


3. If a pressure-reducing valve is supplying more than one vessel and 
the MAWP of any item is less than the pressure-reducing valve supply 
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Safety valve 


Safety valve 


(b) 


Figure 3.8 Positioning of a safety valve in a pressure-reducing station. (Courtesy Spirax 
Sarco, U.K.) 


3.5.2 Pharmaceutical factory with 
jacketed pans 


A pharmaceutical factory has three jacketed pans on the same produc- 
tion floor. All the pans are rated with the same MAWP. There are two pos- 
sible positionings of the safety valve(s), as shown in Figs. 3.9 and 3.10. 

One solution is to install a safety valve on the inlet to each pan (Fig. 3.9). 
In this case, each safety valve has to be sized to pass the entire load. 


Pressure- 
reducing 


valve 


Figure 3.9 Protection of pans using individual safety valves. 
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If an exact replacement valve is required, the valve type, size, and 
serial number should be specified, to assure proper dimensions and 
material to be supplied. If a specific valve has become obsolete, a proper 
recommendation of the current equivalent should be made. 


3.6.1 Specification sheet 


The following technical information is required when ordering a safety 
valve: 


1. Type of Application 
(a) Boiler Drum 
(b) Superheater 
(c) Reheater 
(d) Other (identify) 
2. Applicable ASME Code 
(a) Section I — Power Boiler 
(b) Section VIII — Pressure Vessels 
Single Valve System 
Multiple Valve System 
3. System Parameters 
(For drum, superheater, or reheater) 


(a) Design Pressure psig 
(b) Design Temperature °F 

(c) Operating Pressure psig 
(d) Operating Temperature °F 

4. Valve Specifications 

(a) Valve Set Pressure ; psig 
(b) Allowable Overpressure on Valve % 
(c) Relieving Capacity b/hr 


(d) Buttweld Valves 
Inlet Size 
Inlet Specifications 
Outlet Size & Flange Rating 
(e) Flanged Valves 
Inlet Size & Flange Rating 
Outlet Size & Flange Rating 
(f) Other Type Connections Other Than 
Buttweld or Flange 
(g) Special Codes or Standards 
5. Valve Supplemental Data 
(a) Gag Required 
(b) Weathershield Required 
(c) Hydrostatic Test Plug Required 
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Rupture disks may not be suitable for some applications. The follow- 
ing are disadvantages of rupture disks when compared with pressure 
relief valves: 


= Don't reclose after relief 


Require periodic replacement 


Burst pressure cannot be tested 


Greater sensitivity to mechanical damage 


Greater sensitivity to temperature 


Relatively wide burst pressure tolerances 


Can burst prematurely in the presence of pressure pulsations 


4.1 Brief History 


Prior to the 1930s, rupture disks consisted of flat metal membranes. 
Their use was very limited, as the devices did not have predictable 
bursting pressure. Rupture disks were not used widely because of their 
limited service life. 

In the 1930s, rupture disks consisted of a flat sheet of metal, gener- 
ally copper, clamped between a pair of piping flanges. However, oper- 
ating pressure caused bulging and stretching of the metal, resulting in 
premature failure between 30% and 50% of the disk rating. Later on, 
prebulged disks made of Monel, Inconel, and stainless steel were devel- 
oped that could be operated at 70% of their rated pressure. 

The use of prebulged disks with relief valves created the problem of frag- 
mentation resulting in occasional blockage of the valve. The introduction 
of composite-type rupture disks in the 1950s helped reduce this problem. 
Composite-type disks can be operated at up to 80% of their rated pressure. 

Scored rupture disks were introduced in the 1960s. These designs are 
nonfragmenting and permit operation up to 90% of their rated pressure. 

The first reverse-acting rupture disk with knife blades was introduced 
in the mid-1960. Its advantages were a predictable opening pattern and 
generally nonfragmenting characteristics. In the mid- to late 1970s, a 
modified, reverse knife blade was introduced. This blade configuration has 
a “swooped” edge which provides enhanced performance characteristics. 

There have been considerable improvement in design over the years. 
Nowadays, rupture disks of many varieties are available. 


4.2 Working Principle 


A standard rupture disk is a solid metal, differential pressure relief 
device with an instantaneous, full-opening, and nonreclosing design 
(Fig. 4.1). Arupture disk assembly comprises mainly two parts: 
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Process side 
(a) Flat seat 


‘ 


oo ~~ 
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7 — ‘. 
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Figure 4.2 Rupture disks and 
holders. 


Process side 
(b) 30° seat 


4.3.1 Primary relief 


The rupture disk may be used for primary relief (Fig. 4.3). In such a case, 
the rupture disk is the only device utilized for pressure relief. The advan- 
tages of using rupture disks as primary devices are that they are 
leak—tight and have instantaneous response time, minimum pressure 
drop, low cost, high reliability, and minimum maintenance. 


Primary relief 


Figure 4.3. Primary relief applica- 
tion. (Courtesy Fike Corporation.) 
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Figure 4.5 Combination relief 
application. (Courtesy Fike Corpo- 
ration.) 


Combination 


= Life of valve is extended. 
= Longer periods between major overhauls. 


= |Less expensive valve materials can be used. 


4.4 Types of Rupture Disks 


There are two basic designs of rupture disks: forward acting rupture disk 
which fails in tension, and reverse acting rupture disk which fails in 
compression. All rupture disks are classified based one either of the 
designs. 


4.4.1 Conventional rupture disks 


A conventional domed rupture disk (Fig. 4.6) is a prebulged solid metal 
disk designed to burst when it is overpressured on the concave side. The 
domed rupture disk fragments upon burst. 

The conventional-type rupture disk with a flat or angular seat pro- 
vides satisfactory service if the operating pressure is 70% or less of the 
rated burst pressure and when limited pressure cycling and tempera- 
ture changes are present. If the disk is subjected to vacuum or back pres- 
sure, the disk should be designed for vacuum support to prevent reverse 
flexing or implosion. 
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4.4.2 Scored tension-loaded rupture disks 


A scored tension-loaded rupture disk is designed to open along scored 
lines (Fig. 4.7) This type of disk allows a close ratio (about 85%) of oper- 
ating pressure to disk burst pressure. Because the score lines control the 
opening pattern, this type of disk is generally nonfragmenting. 

The main features of the scored tension loaded rupture disks are: 


Nonfragmenting. 


Vacuum support is not required. 


Broad range of applications. 


Can operate to 85% of burst pressure. 


Available in various sizes, burst pressures, and materials. 


4.4.3 Composite rupture disks 


A composite rupture disk (Fig. 4.8) is a flat or domed metallic or non- 
metallic multipiece construction disk. The domed construction disk is 
designed to burst when it is overpressured on the concave side. The flat 
composite disk is designed to burst when it is over pressured on the side 
designed by the manufacturer. 

The advantages and disadvantages of composite rupture disks are 
similar to those of conventional tension-loaded rupture disks. Moreover, 
the composite disks allow use of corrosion-resistant materials in lower- 
pressure service and smaller sizes than solid metal discs. 


- Standard studs 


and nuts 
Rupture disk 


Insert-type 
rupture disk holder 
(inlet and outlet shown) 


Preassembly side clips 
or preassembly screws 


Oct 


GN 
Acca 


a, 
| 


Flow 


Figure 4.7. Scored tension-loaded rupture disk. (From API RP 520.) 
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~ os K 3 


Men, 


Solid metal scored Ry 


rupture disk Inseri-type 


holder 


Pressure 


Figure 4.9 Reverse-acting rupture disk. (Courtesy Zook USA.) 


Reverse-acting rupture disks have the following advantages over 
tension-type rupture disks: 


# Zero manufacturing range, allowing disk to operate to 90% of its 
stamped burst pressure 


® Full vacuum capability without the need for an additional support 
member 


® Longer service life under cyclic or pulsating conditions 
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Graphite rupture disks are further classified as mono-type, duplex-type, 
inverted-type, and two-way-type disks. 


4.5 Major Components 


® Rupture disk. A pressure-containing, pressure- and temperature- 
sensitive element of a rupture disk device. (Fig. 4.11) 


® Disk holder. The structure which encloses and clamps the rupture 
disk in position. Some disks are designed to be installed between 
standard flanges without holders (Fig. 4.12). 


® Gasket. Used with graphite disks for sealing (Fig. 4.13). 


4.6 Accessories 


Burst sensors. When connected to an electrical alarm, a burst sensor is 
used to alert the operator when a rupture disk bursts. When excessive 
pressure causes a pressure relief valve to open, it also destroys the rup- 
ture disk under the valve. This leaves the pressure relief valve vulner- 
able to chemical attack. Once bursting of the disk is known, an operator 
can take immediate action to protect the pressure relief valve from fur- 
ther damage. 

When a rupture disk bursts, flow pulls one end of the burst sensor’s 
conductor out of its retaining slot and opens the electrical circuit. The 
sensor can be reset by reinserting the conductor into the retaining slot. 


0 


Figure 4.11 Rupture disk. (Courtesy Oseco Inc.) 
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316SS 
3-dimensional tag 


9” lead wire 
(standard) 


9” to 500’ shielded or unshielded 
cable (optional) 


316SS conductor (standard) Moisture and abrasion 
Non-asbestos gaskets (standard) resistant connector 
features two-pin 

bullet terminal 


Figure 4.14 Burst sensor. (Courtesy Zook USA.) 


The alarm system uses a normally closed electrical circuit. When the 
disk ruptures, it breaks the circuit, triggering the alarm. Specifications 
of a typical monitor are given below: 


Intrinsically safe sensing signal level: 6 V de @ 7.5 mA max 
Operating voltage: 115/230 V ac @ 50/60 Hz; 12 V de 


Monitor sensing level: Open 200 Q or greater 


Output relay contacts: one normally open and one normally closed for 
each channel rated 3 A, 120 V ac (resistive) 


Operating temperature: +15 to +140°F 


Heat shields. Heat shields are installed upstream of the rupture disk 
in high-process-temperature applications to reduce the temperature at 
the rupture disk. 


Figure 4.15 Rupture disk monitor. 
(Courtesy Zook USA.) 
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4.8.1 Comparison of rupture pins 
and rupture disks 


Rupture pin relief valves have distinct advantages over rupture disks. 
The following are advantages: 


® Not subject to premature failure due to fatigue. 

® Suitable for any type of liquid service. 

® Available as balanced or unbalanced device. 

= Suitable for operating closer to its set point. 

= Set point is insensitive to operating temperature. 

® Suitable for operating as low as 0.1 psig (0.007 bar). 

® Resetting after release usually requires no breaking of flanges. 


= Replacement pins are one-third to one-quarter the cost of replace- 
ment disks. 


The following are considered disadvantages of using rupture pin relief 
valves instead of rupture disks: 


= The elastomer O-ring seal limits the maximum operating temperature 
to about 450°F (230°C). 


# Initial cost of installation is greater than for a rupture disk: 


- Twice as costly for 2-in carbon steel 
- Up to seven times as costly for 8-in stainless steel 


4.9 Buckling Pin Relief Vaives 


A buckhng pin relief valve is an inline relief device which provides quick 
and simple reset without removing the valve from the piping system. 
This nonreclosing pressure relief device offers practical technology for 
the protection of many applications in refinery, petrochemical, and other 
processing industries. A buckling pin relief valve is shown in Fig. 4.16. 
The buckling pin relief valve has three primary components: a rotat- 
ing disk, a flanged body, and an external enclosure and mechanism. 


® Rotating disk. A rotating disk normally closes the flow path and 
turns 90° in response to an overpressure/underpressure condition. 
The rotating disk is constructed from metal and has a hollow design. 


® Flanged body. A flanged body contains the rotating disk, holding 
it in place using shaft connections which are sealed within the body 


and pass through bearings to permit free rotation of the disk within 
the body. 
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TABLE 4.1. Buckling Pin Relief Valves 


Set pressure 


Size Minimum Maximum 
mn mm psig barg psig barg 
1 25 40 2.76 276 18.96 
ie AO 10 0.69 275 18.96 
2, 50 5 0.34 720 49.64 
3-6 80-150 5 0.34 720 18.96 
8-16 200-400 3 0.21 275 18.96 
18-24 450-600 1 0.70 150 10.34 


4.9.1. Valve characteristics 


The design of the buckling pin relief valve is based on the offset-shaft 
butterfly valve concept. The offset of the shaft results in a turning 
moment being generated about the valve shaft when a pressure differ- 
ential is apphed across the device. A buckling pin mounted externally 
to the process normally resists this turning moment. By calibrating the 
pin to collapse at a load coincident with that resulting from the shaft 
torque at a predetermined differential pressure, the valve provides accu- 
rate pressure relief. 


Size and set pressure. Buckling pin relief valves are available in a vari- 
ety of sizes and set-pressure capabilities. These valves are suitable for 
applications that are compatible with ANSI and DIN flange specifica- 
tions. Table 4.1 shows standard size and set pressure capability of buck- 
ling pin relief valve. 


Set pressure certification and tolerance. The buckling pin relief valve is cer- 
tified in accordance with the ASME Boiler and Pressure Code. The valve 
is certified with a single set-pressure tolerance as shown in the Table 4.2. 


Operating pressure ratio. The buckling pin relief valve can be operated 


at up to 95% of minimum set pressure. This is called operating ratio. 
This ratio can be further increased by special testing. 


TABLE 4.2 Buckling Pin Relief Valve Tolerances 


Pressure Tolerance 


Over 40 psi (2.76 bar) +5% standard 
1—40 psi (0.07—2.76 bar) +1.14 bar/2 psi standard 
Over 20 psi (1.38 bar) +5 upon request 
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90 Chapter Five 


# When the valve discharges into a manifold which contains corrosive 
fluid discharged by another valve 


It is important that moving parts such as spindle and guides are con- 
structed from the materials that are not easily degraded or corroded. As 
seats and disks are constantly in contact with the fluid, they should be 
able to resist the effects of erosion and corrosion. Austenitic stainless 
steel is commonly used for seats and disks; sometimes they are “satel- 
lite faced” for increased durability. Nozzles, disks, and seats that will 
be exposed to corrosive fluids are constructed from special alloys such 
as Monel or Hastelloy. 

The spring is a very critical component of any pressure relief valve and 
should provide reliable service. Standard pressure relief valves typically 
use carbon steel for applications at moderate temperatures. Tungsten 
steel is used for higher-temperature but noncorrosive applications. 
Stainless steel is used for corrosive or clean steam applications. Special 
materials such as Monel, Hastelloy, and Inconel are used for sour-gas 
and high-temperature applications. 

The major pressure-retaining components of pressure relief valves are 
generally constructed from the following materials: bronze, cast iron, 
cast steel, austenitic steel, Monel, Inconel, and Hastelloy. 


5.1.1. Materials 


Materials of construction are specified in the construction codes for 
pressure relief valves. Generally the following materials are used for con- 
struction: copper alloys, cast iron, cast steels, austenitic stainless steels, 
and nickel alloys. 


Copper alloys. ‘here are several copper alloy systems, which include 
brasses, bronzes, and cupronickls. These are single-phase alloys of 
copper used for corrosion resistance. 

Brasses are wrought alloys of copper and zinc. The zinc content varies 
from 5% to 50% Zn. Some wrought brasses may contain additions of tin 
and other elements. Brasses consist of three groups: alpha and beta 
brass, tin brass, and leaded brass. 

Commercial bronze, C22000, is an alpha brass with 10% Zn. 
Manganese bronzes are high-strength beta brass containing 55-60% 
Cu and 38-42% Zn. Tin bronzes are wrought and cast alloys of copper 
and tin. Silicon bronzes are wrought and cast alloys of copper with 1-5% 
Si and additions of manganese, iron, and zinc. 

Cupronickels (copper-nickels) are wrought and cast alloys of copper con- 
taining up to 30% Ni, plus minor additions of chromium, tin. beryllium, 
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Cast iron is used extensively for ASME-type valves. Its use is typically 
limited to 247 psig (17 barg). Acast iron relief valve for liquid service is 
shown in Fig. 5.2. This type of valve is extra heavy and is constructed 
with a bolted bonnet to permit easy inspection and servicing without 
having to remove it from the system. This relief valve is recommended 


for fire pump service. 


Cast steels. Casting is the process of pouring molten metal into a mold 
of a predetermined shape and allowing the metal to solidify. Castings 
are made in various finished forms and then fabricated to the final 
shape by machining and joining. 

Cast steel is commonly used on high-pressure valves up to 580 psig 
(40 barg). Process valves are usually made from a cast steel body with 
an austenitic full nozzle type of construction. 


Austenitic stainless steels. Austenitic stainless steel is a widely used family 
of stainless steels, and has excellent corrosion resistance, weldability, 
high-temperature strength, and low-temperature toughness. Austenitic 
stainless steel is used for extremely high-pressure applications, and 


Figure 5.2 Cast iron relief valve. 
(Courtesy Kunkle Valve.) 
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94 Chapter Five 


5.1.2 Bill of materials 


Bills of materials for various pressure relief valves (PRVs) are shown 


in the figures and tables listed below: 


Type of PRV Figure no. Table no. 
Conventional pressure relief valve 5.8 5.1 
Pilot-operated pressure relief valve 5.4 De 
Pilot control valve 5.5 5.3 
Bellows-type pressure relief valve 5.6 5.4 
Safety valve Sel 5.5 
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Figure 5.3 Pressure relief valve—spring loaded. (Courtesy Dresser 
Flow Control.) 
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Figure 5.4 Pilot-operated pressure relief valve—main valve. (Courtesy Farris Enginecring.) 


5.1.3 Material selection 


Selection of materials is made based on the type of fluid, and process 
application. Requirements of materials for sour gas service, hydrofluo- 
ric acid service, corrosive service, and process fluid services are given 
below. In addition, materials for O-ring are also listed. 


Material requirements for sour gas services. Material requirements of 
NACE Standard MR-01-75 are used for handling sour gas if total oper- 
ating pressure is 65 psia or greater and if the partial pressure of H,S 
in the gas is 0.05 psia or greater. Typical materials for conventional 
valves are shown in Table 5.6. 
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Figure 5.5 Pilot control valve. (Courtesy Farris Engineering.) 
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Figure 5.6 Pressure relief valve—bellows type. (Courtesy Dresser Flow Control.) 
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Figure 5.7 Safety valve—spring loaded. (Courtesy Dresser Flow Control.) 
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Figure 5.8 Forward-acting metal rupture disk. (Courtesy Zook USA.) 
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TABLE 5.10 O-Ring Material Options 


Temp. limits 


Material Durometer (°F) (CC) 
Nitrile 50 —45 to +225 —43 to +107 
90, —40 to +850 —4() to +177 
Ethylene/propylene 75 ~70 to +250 —57 to +121 
90 —70 to +500 —57 to +260 
Fluorocarbon 50 —15 to +400 —26 to +204 
90 —15 to +400 —26 to +204 
Neoprene 50 —45 to +300 —43 to +149 
70 —45 to +300 —43 to +149 
Silicone 50 —65 to +437 —53 to +225 
70 —65 to +437 —53 to +225 
Teflon = —300 to +500 —184 to +260 
Kalrez 65 —40 to +500 —40 to +260 
82 —42 to +550 —41 to +288 


TABLE 5.11 Bill of Materials for Rupture Disks 


Part name 


Disk 


Disk holder 


Tag 
Gasket 


Material 


Inconel 600, Monel 400, 316 SS 
Hastelloy C-276, Nickel 200 
Tantalum 

Aluminum, silver, graphite 


Nickel, Monel 400 
Inconel 600, Hastelloy C-276 
Carbon steel, 816 SS, 304 SS 


Stainless steel 


Viton, EPDM, PTFE Teflon 


Neoprene, silicone, non-asbestos 


aN XX 
XXX XX 
aN XXX 
X xX 

xX xX 

X xX 
uN X 
X X 
XX XX 
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X X 

X X 

X XXX 
XXX X 
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Set-pressure 
adjusting screw 


Spring bonnet 


Spring 


Spring washer 


Guide 


Disk holder 
Seat disk 


Blowdown 
adjustment 
ring 


Nozzle 


Huddling 
chamber 


P, In 


Figure 6.1 A conventional direct spring-operated PRV. (Courtesy Tyco 
Valves and Controls.) 
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p Figure 6.2. Pressure relief valve 
with blowdown ring. (Courtesy 
Decreases Tyco Valves and Controls.) 
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6.1.2 Back pressure 


Pressure existing at the outlet of a pressure relief valve is defined as 
back pressure. The back pressure may affect the operation of the pres- 
sure relief valve regardless of the type of installation. Effects due to back 
pressure are variations in opening pressure, reduction in flow capacity, 
instability, or a combination of all three. 

It is critical to balance the forces in a conventional pressure relief 
valve. The lifting forces may be disturbed by any change in pressure 
within the valve body downstream of the disk holder and huddling 
chamber. The relationship between back pressure and capacity of a typ- 
ical conventional pressure relief valve is shown in Fig. 6.4. 


Types of back pressure. There are two types of back pressure: super- 
imposed back pressure and built-up back pressure. 


Superimposed back pressure. Superimposed back pressure is defined as 
the back pressure which is present at the outlet of a pressure relief 
valve when it is required to operate. The superimposed back pressure 
is mostly variable, because of the changing conditions in the discharge 
system. 


Built-up back pressure. Built-up back pressure is defined as the back 
pressure which develops in the discharge system after the pressure 
relief valve opens. This type of back pressure occurs due to pressure drop 
in the discharge system as a result of flow from the pressure relief valve. 
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Figure 6.4 Back pressure characteristics of a PRV. 
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within the system and can result in flutter or chatter of the valve. In 
a conventional pressure relief valve, if there is an excessive built-up 
pressure, the valve will not perform as expected. 

According to the API 520 Recommended Practice Guidelines: 


# Aconventional pressure relief valve should typically not be used where 
the built-up back pressure is greater than 10% of the set pressure at 
10% overpressure. 


= A higher maximum allowable built-up back pressure may be used for 
overpressure greater than 10%. 


6.1.3. Bonnet 


In a conventional pressure relief valve, the bonnet may be vented to the 
discharge side of the valve or open to the atmosphere. 


Bonnet vented to the discharge side. Figure 6.5 shows a schematic diagram 
of a pressure relief valve with the bonnet vented to the discharge side 
of the valve. By considering the forces acting on the disk (with area Ap), 
it is seen that the required opening force (equivalent to the product of 
inlet pressure Py and the nozzle area Aj) is the sum of the spring force 
Fs and the force due to back pressure Pp acting on the top and bottom 


‘ 


of the disk. The required opening force is 


Py Ay = F's + PpAp — Pr(Ap — Ay) 
PyAy = F's + PpAn 


(6.2) 


where P,= fluid inlet pressure 
Ay = nozzle area 
F's = spring force 
P, = back pressure 
Ap = disk area 


Therefore, any superimposed back pressure will tend to increase the clos- 
ing force, and the inlet pressure required to lift the disk will be greater. 


Bonnet vented to the atmosphere. Figure 6.6 shows a schematic diagram 
of a pressure relief valve with the bonnet vented to the atmosphere. In 
this case, the required opening force is 


PyAn = Ps _ P(Ap = Ay) (6.3) 


Therefore, the superimposed back pressure acts with the vessel pressure 
to overcome the spring force, and the opening pressure will be less than 
expected. 
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Nozzle 


Figure 6.8 Seminozzle. 


Seminozzle. A seminozzle design consists of a seat ring fitted into the 
body. The top of the seat ring forms the seat of the pressure relief valve. 
The seat may be easily replaced without replacing the complete inlet. 
A seminozzle valve is shown in Fig. 6.8. 

Under normal operating conditions, the disk is held against the nozzle 
seat by the spring, which is housed in an open or closed spring housing 
arrangement (or bonnet) mounted on the top of the valve body. A shroud, 
disk holder, or huddling chamber surrounds the disk, which helps to pro- 
duce rapid opening. The closing force on the disk is provided by a spring. 
The amount of compression on the spring is usually adjustable. 
Adjusting the spring may alter the pressure at which the disk is lifted 
off its seat. 


6.2 Design Factors 


Standard design of pressure relief valves generally governs the three 
dimensions that relate to the discharge capacity of the pressure relief 
valve. These are flow area, curtain area, and discharge area. 


6.2.1 Flow area 


Flow area is the minimum cross-sectional area between the inlet and 
the seat, at its narrowest point. The diameter of the flow area is the 
dimension d shown in Fig. 6.9. The equation for flow area is 


nd? 
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Flow area = 
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Discharge size. The discharge size is the nominal pipe size (NPS) 
of the valve at the discharge connection, unless otherwise designated. 


Lift. The lift is the actual travel of the disk from the closed position 
when a valve is relieving. 


Coefficient of discharge. The coefficient of discharge is the ratio of the 
mass flow rate in a valve to that of an ideal nozzle. It is used for calcu- 
lation of flow through a pressure relief device. There are two types of 
coefficient of discharge: 


1. The effective coefficient of discharge. The effective coefficient of dis- 
charge is a nominal value used with an effective discharge area to 
calculate the minimum required relieving capacity of a pressure 
relief valve. 


2. The rated coefficient of discharge. The rated coefficient of discharge 
is determined in accordance with the applicable code or regulation 
and is used with the actual discharge area for calculation of the rated 
flow capacity of a pressure relief valve. 


6.3 Pressure Requirements 


A pressure-level relationship for pressure relief valves according to 
API 520 Recommended Practice is shown in Fig. 6.10. The features are: 


# The figure conforms with the requirements of ASME Sec. VIII— 
Unfired Pressure Vessel Code for maximum allowable working pres- 
sure (MAWP) greater than 30 psi. 


# The pressure conditions shown are for pressure relief valves installed 
on a pressure vessel. 


= Allowable set-pressure tolerances will be in accordance with the applhi- 
cable codes. 


# The MAWP is equal to or greater than the design pressure for a coin- 
cident design temperature. 


= The operating pressure may be higher or lower than 90 psi. 


Appendix M of Sec. VIII, Division I, should be referred to for guidance 
on blowdown and pressure differentials. 


6.3.1 System pressures 


Maximum operating pressure. Maximum operating pressure is the max- 
imum pressure expected during system operation. 


‘SolDUSSUTJUOD dATJ pu’ SUTJeIEdO OJ 
sepoo efqvordde Aq poeysi[qeyse oie sornsseid UOTJe[NUINIIV s[qeMOT[V 
WNUWIxe] ‘edejUsoIed & se IO sjytuN ainsseid UI pesseidxe ‘adtAap Jor[or 


ainsseid ay} YSsNo1y} ss1VyoOsSIp SuLInp Jessaa oy} JO CMVIN 2} JeA0 
aSBIIOUI VINSSaId 9Y} SI aINnsseid peye[NuUNI.y ‘einsseid peyejnwuinsoy 


‘[OSSOA 9} JOoJOId YVYY SOdTAOp Joljed oansseid ayy 
jo SutqyJos oANssoid 9Y} AOJ sIseq 9Y} SI TMV PYL ‘[essea poyotduroo eB 
jo doy 0} 38 aTqisstuised sinsseid osnes WNUWIXeUl 9} ST sAnsseid SUT 
-YIOM 9[GVMOT[S WNUIIXe, “(dAAWIN) @4nssaid Bunjiom ajqemoyje winwixey 


(02S du IdV M047) ‘AYd 40} sdrysuoreyjed [PAe[-oinsseig O19 eunBi4 


einsseid Bugeiedo 


eo! ainssaid }sa} yea 
(peordAy) eid JSa} Yee] payadxe wnwpxeyy 


aaea ajBuls & 
Jo} einssaid Bulsoyp 


(jeo1dAy) umopmojg 
(reo1dA) 


JOWWIS — ainsseid uBisep 


Jo aunsseid Bulyom 
aiqemolle wunwuKxeyy 


aye aBuls 10} eunsseid 
J@S siqemoye WINWIXe| 


(ssedoid) sanjea feuOMppe JO} 
ainssaid jas ajqemoyje Winey 


(wnwixew) einsseidiaaQ 


(einsodxe ey UeU) J8yjo) 
uonerjeysu! anjea-o/Buis 
JO} ainssaid payejnuinsoe 
elqemoyye wnwixey 


(eunsodxe ey) 
SOAJEA yeJUsWa|ddns JO} 
aunssaid jas ejqemoye wnwuixeyy 


(e6ne6) einsseid Bupyom eiqemoyye Wwnwixew jO JUBDIOYg 


Hulzis ssedoud 10} 
einsseid Buraeljes WNWixeyy 
aajea-a|Hulg 


(ainsodxe ely UPL] JOUjO) 


6LL 


Hulzjs sseoold JO} 
ainsseid Buraaljes unuixey 
sanen aldiqiny 


Bulzis 9.1) 105 
ainsseid Bulaeje. unw|xey| 


SOA JOl]ey einsseid 
jo soysueyoeseyg jeoidA) 


ubiseq 


ainssald 
jessa,, 


uonelfeysul eajea-adaynuy 
JO} ainssaid peyejnwindoe 
aiqemoyre wnwixey 


(Ajuo eansodxe eu!) 
einsseld peyejnwnsoe 
aiqemoyye wnwixeyy 


sjuewasinbey jesse, einsseld 


120 Chapter Six 


Rated relieving capacity. Rated relieving capacity is the measured reliev- 
ing capacity permitted by the applicable code or regulation to be used 
as a basis for the application of a pressure relief device. 


Stamped capacity. Stamped capacity is the rated relieving capacity that 
appears on the device nameplate. The stamped capacity is based on the 
set pressure or burst pressure plus the allowable overpressure for com- 
pressible fluids and the differential pressure for incompressible fluids. 


6.3.2 Relieving device pressures 


Set pressure. Set pressure is the inlet gauge pressure at which the 
pressure relief valve is set to open under service conditions. 


Blowdown. Blowdown is the difference between the set pressure and 
the closing pressure of a pressure relief valve, expressed as a percent- 
age of the set pressure or in pressure units. 


Overpressure. Overpressure is the pressure increase over the set pres- 
sure of the relieving device, expressed in pressure units or as a per- 
centage. It is the same accumulation when the relieving device is set at 
the MAWP of the vessel and there are no inlet pipe losses to the reliev- 
ing device. 


Opening pressure. Opening pressure is the value of increasing inlet 
static pressure at which there is a measurable lift of the disk or at which 
discharge of the fluid becomes continuous. 


Closing pressure. Closing pressure is the value of decreasing inlet static 
pressure at which the valve disk reestablishes contact with the seat or 
at which lift becomes zero. 


Simmer. Simmer is the audible or visible escape of compressible fluid 
between the seat and the disk at an inlet static pressure below the set 
pressure and at no measurable capacity. 


Leak-test pressure. [Leak-test pressure is the specified inlet static pres- 
sure at which a seat leak test is performed. 


6.4 Design Considerations 


The main purpose of designing a pressure relief valve is to prevent pres- 
sure in the system being protected from increasing beyond safe design 
limits. The other purpose of a pressure relief valve is to minimize 
damage to other system components due to operation of the PRV itself. 

The following design features should be considered when designing 
a pressure relief valve: 
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6.5.4 Disk 


A disk is a movable component of a pressure relief valve that contains 
the primary pressure when it rests against the nozzle. 


6.5.5 Spindle 


A spindle is a part whose axial orientation is parallel to the travel of the 
disk. The spindle may be used for the following applications: 


® Assist in alignment 
® Guide disk travel, and 


® Transfer of internal or external forces to the seats. 


6.5.6 Adjusting ring 


An adjusting ring is a ring assembled to the nozzle or guide of a direct 
spring valve used to control the opening characteristics or the reseat 
pressure. 


6.5.7 Adjusting screw 


An adjusting screw is a screw used to adjust the set pressure or the reset 
pressure of a pressure relief valve. 


6.5.8 Huddling chamber 


A huddling chamber is the annular pressure chamber between the nozzle 
exit and the disk or disk holder which produces the lifting force to obtain 
a pop action. 


6.5.9 Spring 


A spring is the element in a pressure relief valve that provides the force 
to keep the disk on the nozzle. The valve spring is designed in such a 
way that the full-lift spring compression should not be greater than 
80% of the nominal solid deflection. The permanent set of the spring 
should not exceed 0.5% of the free height. 

The permanent set of the spring is defined as the difference between 
the free height measured a minimum of 10 min after the spring has 
been compressed solid three additional times after presetting at room 
temperature. 


6.6 Testing and Marking 


Each pressure relief valve to which code symbol stamp is to be applied 
should be tested by the manufacturer or assembler. Once construction is 
completed, the valves should be tested and marked according to the code. 
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Rupture disk 


jae 


; id Figure 6.11 Forward-acting (tension- 


loaded) rupture disk. 


Pressure 


disks will rupture. Forward-acting rupture disks are produced in con- 
ventional, composite, and scored designs. 


Reverse-acting rupture disks. Reverse-acting rupture disks are designed 
to fail when the disk is in compression (Fig. 6.12). Pressure is applied 
to the convex side until the disk “reverse buckles.” Once reversal pres- 
sure is reached, the crown of the disk snaps through the center of the 
holder and can either be cut open by a knife blade or other cutting 
device, or opened along score lines, allowing pressure to be relieved. 
Reverse-acting disks are produced with either knife blades or scored 
designs. 


Graphite rupture disks. Graphite rupture disks are designed to fail when 
the disk is in shear. These disks are typically machined from a bar of 
fine graphite that has been impregnated with a binding compound. The 
disk operates on a pressure differential across the center diaphragm or 
web portion of the disk. Graphite rupture disks provide good service life 
when the operating ratio is 80%. If the disk is designed for vacuum or 
back-pressure conditions, the disk has to be furnished with a support 
to prevent reverse flexing. 


Knife blade Rupture disk 


Figure6.12 Reverse-acting (com- 
pression loaded) rupture disk. 


Pressure 
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Vessel Typical Characteristics of a 
Pressure Vessel Requirements Pressure Rupture Disk Device 


Maximum allowable 
accumulated pressure 
(fire exposure only) 


Maximum relieving pressure 
for fire sizing 


Maximum allowable 
accumulated pressure for Maximum relieving pressure 
installation of a multiple for process sizing 


rupture disk device 
(other than fire exposure) Multipte rupture disk devices 


Single rupture disk device 


Maximum allowable 
accumulated pressure for 
installation of a single 
rupture disk device 

(other than fire exposure) 


Maximum allowable marked burst 
pressure for supplemental (fire 
exposure) rupture disk device 


Overpressure (maximum) 


Maximum allowable marked 
burst pressure for additional 
rupture disk device 


Maximum allowable 
working pressure or 
design pressure 


Maximum allowable marked 
burst pressure for single rupture 
disk device 
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Maximum expected 
operating pressure 


Figure 6.13 Pressure-level relationships for rupture disks. (From API RP 520.) 


6.7.4 Certified Kz and MNFA 


The ASME Code Sec. VIJJ—Division 1 requires that any product car- 
rying the UD stamp shall be flow tested at an ASME-approved test lab- 
oratory in the presence of an ASME-designated observer. Results of the 
flow testing such as certified flow resistance factor (K,) and minimum 
net flow area (MNFA) are stamped on the disk nameplate. 


Certified Kp. The loss coefficient K is the minor losses in a piping 
system due to elbows, tees, fittings, valves, reducers, etc. In other 
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130 Chapter Seven 


7.1 Manufacture of Pressure Relief Valves 


Pressure relief valves are manufactured by manufacturers or assem- 
blers. who must hold an ASME certification to use Code symbol stamps. 

A manufacturer is defined as a person or organization that is respon- 
sible for design, material selection, capacity certification, manufacturer 
of all component parts, assembly, testing, sealing, and shipping of pres- 
sure reliving valves as required by various sections of the ASME Boiler 
and Pressure Vessel Code. 

An assembler is defined as a person or organization that purchases 
or receives from a manufacturer the necessary components or valves and 
assemblies, adjusts, tests, seals, and ships pressure relieving valves 
certified in accordance with the ASME Boiler and Pressure Vessel Code 
at a geographic location other than that of the manufacturer and using 
facilities other than those used by the manufacturer. 

A manufacturer is required to establish a quality control system for 
manufacturing pressure relief valves. The manufacturer has to demon- 
strate to the ASME designee that the manufacturing, production, and 
test facilities and quality control procedures as described in the quality 
control system ensure close performance between the production sam- 
ples and the valves submitted for capacity certification. An ASME 
designee can inspect the manufacturing, assembly, and test operations 
at any time. 

A Certificate of Authorization to apply ASME Code symbol stamps 
(see Fig. 7.1 for the V symbol stamp and Fig. 7.2 for the UV symbol 
stamp). if granted by the ASME, remains valid for 3 years from the date 
it is initially issued. This Certificate of Authorization may be extended 
for 3-year periods if the following tests are completed satisfactorily 
within 6 months before expiry date: 


1. Two sample production pressure relief valves of a size and capacity 
selected by an ASME designee. 


2. An ASME designee observes the operational and capacity tests at an 
ASME-accepted laboratory. 


An assembler can apply the ASME Code symbol for the use of unmodi- 
fied parts as per instructions of the valve manufacturer. The assembler 
is permitted to convert original finished parts by machining to other fin- 
ished parts, provided that: 


1. Conversions are done according to either drawings or written instruc- 
tions or both, furnished by the manufacturer. 


2. The assembler’s quality system is accepted by a representative from 
an ASME-designated organization. 
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Chapter Seven 


CERTIFICATE OF 
AUTHORIZATION 


This certificate accredits the named company as authorized to use the indicated 
symbol of the American Society of Mechanical Engineers (ASME) for the scope of 
activity shown below in accordance with the applicable rules of the ASME Boiler and 
Pressure Vessel Code. The use of the Code symbol and the authority granted by this 
Certificate of Authorization are subject to the provisions of the agreement set forth in 
the application. Any construction stamped with this symbol shall have been built strictly 
in accordance with the provisions of the ASME Boiler and Pressure Vessel Code. 


COMPANY: 
MEC-TRIC CONTROL COMPANY 
4110 MONROE ROAD 
CHARLOTTE, NORTH CAROLINA 28205 
SCOPE: 


MANUFACTURE OF PRESSURE VESSEL PRESSURE RELIEF VALVES AND 
ASSEMBLY OF PRESSURE VESSEL PRESSURE RELIEF VALVES AT THE 
ABOVE LOCATION ONLY (THIS AUTHORIZATION DOES NOT COVER WELDING 


OR BRAZING) 
AUTHORIZED: APRIL 17, 2002 
EXPIRES: AUGUST 6, 2005 


CERTIFICATE NUMBER: 24,999 


LDL Yo 


CHAIRMAN OF THE BOILER 
AND PRESSURE VESSEL COMMITTEE 


fae 8 tie 


DIRECTOR, ACCREDITATION AND CERTIFICATION 


Figure 7.2 Certificate of Authorization for UV symbol. (Courtesy ASME International.) 


The arrangement of test equipment in a test laboratory is shown in 


Fig. 7.3. 


Any organization interested in applying to set-up a test laboratory 
can apply to the ASME using a prescribed form, which is shown in 
App. E. Once a Certification of Acceptance is issued, the test laboratory 


‘90UB1d9008 PUB MATAAL IOJ VoUSISEP YINSV 24) 0} poyiw 
-Qns a1 ‘UOTJONAJSUOD DATVA OJ SSUTMBIP YIM ‘sjIOdar sa} AjLoOedeo 
OU], eZIS pUB USISAp BABA YOBA UO $480} JO UOTJO[AWIOD Jaze Sy10das Byep 
4soq Ajloeded oy} USIS STAATOSQO peZIOYINe pU’ JEINJIVJNUBUI 9], 
‘G’), ‘ST UL UMOYS St A1OJVIOGe'T SUTYSAT, GATVA PAvOg [BUOT}JeN oy Aq 
poystqnd 0} ¥8of1}.100 aaTVa oyy Jo Adoo o[dures VY “AIASV 2u3 Aq paytpezo08 
AIOJVIOG] SUT}SO4 B AQ POTfI}109 ST AJLOVdwd BATA OU], “SBdTAOp SUTAOTIAA 
ainsseid Aue 0} sdureys [oquIAS apon WINSV sulA[dde aso0jaq potjiz41e0 
SOATBA JO ApLOeded SULADT[AI OY} BABY 04 porINbad ST AeINJORJNUUL BATCA VY 


uoHedisyseo Ayoedeg 212 


‘90UB4d9008 PUB MOTAAI IO] VoUSISAP YINSV 24) 0} poytw 
-Qns o1¥8 ‘UOTJONAJSUOD DATVA OJ SSUTMBIP YIM ‘SsjIOdat 4s0} AjlOVdBd 
aU], ‘8ZIS pUv USISEpP BATVA YORA UO 489} JO UOTJo[duIOD Jaye sytodar Vyep 
4s} Ajyloedeo oY} USIS SIAATOSqO poeZLIOyjNe pUw JOINJOVJNUBU OY], 
‘AYOII0G 9Y} 0} UOTJEpuSUT 
-WOdd SOYVW PUB ‘SLAATOSGO peZLIOYJNe SUTUIOIEG UI poeysei1eqyUT SUOS 
-1ad JO dDUdTINAX9 OY} SOJEN[ VAD PUB SMOTADI DOUSISOP AINSV UV ‘AINNSV 
Aq potytoeds sarzt[lovy] Surysey ye ATUO $4S9} UOTJBdTJIZAGO AyLIVdvd SaSTA 
-ladns oyM Uuosied poyeUSISep-YINSV UB SI JaATesqg pezloyyny uy 
‘q ‘ddy ut uMoyUs ST sors0yer 
“OR BUT}S9} poppotooe AINSV JO IS!] V ‘Sto[log Jamog—] 90S AINSV JO 
OTE-V ‘ddy ul uaAIs ore SUOTJBOTIIZ00 AjLOVd ed SUTJONPUOD IOJ SIBATASqO 
pozLIoYyINe pUB SaT10JeLOGe] 489} JO voUeYda00e WINGY JO} sopns oy, 
‘PaMOTIOJ 01¥ SO[NA YINGV Jl Saved G AlOAa pomoua oq ABU aoUBdaD0V Jo 
9} BOYIAID STW], ‘PONSST ST JL 9Jep 9Y} WOT SIBOA G IO} PI[VA SUTBUWAd (Fy) 
‘SIY) BULYdad0V JO 9} CdTJI}.A9D VY *S}S9e} UOTJBOYI4A109 AylowVdvd yONpUoD UBd 


(‘uo1puLodiog YsIqT JDJUAUIZUOD K$azLNOD) ‘K10VVIOGK] 489} MOT eZ eanBi4 


$43 i ES a, 


oto Buinjoejnuey 


134 Chapter Seven 


CERTIFICATE OF 
ACCEPTANCE 


This Is to accept tho named Testing Laboratory for conducting capacity 
certification tests of pressure relief devices in accordance with the applicable rules 
of tha American Soclety of Mechanical Engineers Boiler & Pressure Vessel Code. 
The acceptance granted by this certificate is subject to the provisions of the 
agreement sel forth in the application. 


FEO ROLE Re 


? TESTING 
YG =! LABORATORY FIKE CORPORATION 
o : 704 SOUTH 10™ STREET 
o : BLUE SPRINGS, MO 64013 
— i 
} = i 
Bie; 
we i 
S| 
cS 5 
GS i 
A co 
oOo : 
a 
=: 
Que : 
oO ; 
oO: 
a ? TESTING 
Oo : MEDIUM NITROGEN 
wm : 
= i ACCEPTED AUGUST 28, 2004 
© | — expires AUGUST 28, 2006 
te : 
= i CERTIFICATE NUMBER PRD-023 
MD : 
= | 
_— ; 


Clan 6 Bonen 


DIRECTOR, ACCREDITATION AND CERTIFICATION 


& 


Figure 7.4 Certificate of Acceptance for a test laboratory. (Courtesy ASME International.) 


Capacity certification tests are conducted at a pressure not exceeding 
set pressure by 3% or 2 psi (7 KPa), whichever is greater. The valves are 
adjusted so that blowdown does not exceed 4% of the set pressure. The 
tests are conducted by using dry saturated steam of 98% minimum 
quality, and 20°F (11°C) maximum superheat. 
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136 Chapter Seven 


Three-valve method. In the three-valve method, a set of three valves for 
each combination of size, design, and pressure setting is tested. On test, 
the capacity should stay within the range of +5% of the average capac- 
ity. If the test fails for one valve, it is required to be replaced with two 
valves. Now a new average capacity of four valves is calculated, and 
tested again. If the test result for a valve fails to fall within +5% of the 
new average, that valve design is rejected. 

The rated relieving capacity for each combination of design, size, and 
test pressure is required to be 90% of the average capacity. 


Slope method. In the slope method, a set of four valves for each com- 
bination of pipe size and orifice size is tested. The valves are set at pres- 
sures covering the range of pressures for which the valves will be used 
or the range of pressures available at the testing laboratory. The capac- 
ities are determined according to the following. 

The slope W/P of the measured capacity versus the flow pressure for 
each test is calculated on average: 


Ww measured capacity 
Slope = — = 
P absolute flow rating pressure, psia 


The values obtained from the testing are required to stay within +5% 
of the average value: 


Minimum slope = 0.95 x average slope 


Maximum slope = 1.05 x average slope 


The Authorized Observer is required to witness testing of additional 
valves at the rate of two for each valve if the values from the testing do 
not fall within the above minimum and maximum slope values. 

Rated relieving capacity must not exceed 90% of the average slope 
times the absolute accumulation pressure: 


Rated slope = 0.90 x average slope 


The stamped capacity < rated slope (1.03 x set pressure + 14.7) or (set 
pressure + 2 psi + 14.7), whichever is greater. 


Coefficient of discharge method. In the coefficient of discharge method, 
a coefficient of discharge, K, is established for a specific valve design. The 
manufacturer is required to submit at least three valves for each of three 
different sizes, a total of nine valves, for testing. Each valve is set ata 
different pressure covering the range of pressure for which the valves will 
be used or the range of pressures available at the test laboratory. The test 
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138 Chapter Seven 


The value of Wis multiplied by the following correction factor for valves 
with pressure range from 1500 to 3200 psig: 


0.1906P — 1000 
0.2292P -1061 


Correction factor = 


For power-actuated pressure relief valves, one valve of each combi- 
nation of inlet pipe size and orifice size used with that inlet pipe size is 
tested. The valve capacity is tested at four different pressures available 
at the testing laboratory, and the test result is plotted as capacity versus 
absolute flow test pressure. A line is drawn through these four points, 
and all points must stay within +5% in capacity value and must pass 
through 0-0. A slope of the line dW/dP is determined and applies to the 
following equation for calculating capacity in the supercritical region at 
elevated pressures: 


waiigeg SN IE 


51.45 aP Vu 


where W = capacity, lb of steam/hr (kg/hr) 
P= absolute inlet pressure, psia (kPa) 
v = inlet specific volume, ft°/Ib (m' ‘/kg) 
dW/dP = rate of change of measured capacity 


After obtaining capacity certification, the power-actuated pressure 
relief valves are marked with the above computed capacity. 


7.1.3 Capacity certification in combination 
with rupture disks 


The pressure relief valve manufacturer or the rupture disk manufac- 
turer should submit for tests the smallest rupture disk device size with 
the equivalent size of pressure relief valve of the combination device. The 
pressure relief valve to be tested should have the largest orifice in that 
particular size inlet. 

Capacity certification tests should be conducted with saturated steam, 
air, or natural gas. Corrections should be made for moisture content of 
the steam if saturated steam is used. Test should be performed accord- 
ing to the following guidelines: 


1. The test should represent the minimum burst pressure of the rupture 
disk device. The marked burst pressure should be between 90% and 
100% of the marked set pressure of the valve. 
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7.1.5 Inspection and stamping 


A Certified Individual (CI) provides oversight to assure that the safety 
valves and safety relief valves are manufactured and stamped in accor- 
dance with the requirements of the ASME Code. 

A Certified Individual is an employee of the manufacturer or assem- 
bler. The CI is qualified and certified by the manufacturer or assem- 
bler. The CI should have knowledge and experience in the requirements 
of application of ASME Code symbol stamps, the manufacturer’s 
quality program, and special training on oversight, record mainte- 
nance, and the Certificate of Conformance. The following are the 
duties of a CI: 


1. Verifying that each valve for which an ASME Code symbol is applied 
has a valid capacity certification. 


2. Reviewing documentation for each lot of items that requirements of 
the Code have been met. 


3. Signing the Certificate of Conformance on ASME Form P-8, for valves 
manufactured in accordance with Sec. I of the Code. 


Each pressure relief valve designed, fabricated, or assembled by a 
Certificate of Authorization holder should be stamped with the appro- 
priate ASME Code symbols. 

The manufacturer or assembler should mark each safety valve with 
the required data, either on the valve or on a nameplate attached 
securely to the valve. The Code symbol V should be stamped on the 
valve or on the nameplate. The marking should include the following 
data: 


1. Name of the manufacturer or assembler 

2. Manufacturer’s design or type 

3. Nominal pipe size of the valve inlet, in (mm) 
4. Set pressure, psi (kPa) 

5. Blowdown, psi (kPa) 

6. Capacity, lb/hr (kg/h) 

7. Lift of the valve, in (mm) 

8. Year built 

9. Code V symbol stamp 


10. Serial number 


A nameplate indicating the above information is shown in Fig. 7.6. 
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FORM P-8 MANUFACTURER'S OR ASSEMBLER’S CERTIFICATE OF CONFORMANCE FOR PRESSURE RELIEF VALVES 
As Required by the Provisions of the ASME Code Rules, Section | 


1, Manufactured (or assembled} by @ 


2. Table of Code symbol stamped items: 


Cl Name Cl Signature 


| © |@] @ | 
eee Eee 


3. Remarks 


CERTIFICATE OF SHOP COMPLIANCE 


By the signature of the Certified Individual (Cl) noted above, we certify that the statements made in this report are correct and that all 
details for design, material, construction, and workmanship of the pressure relief valves conform with the requirements of Section | 
of the ASME Boiler and Pressure Vessel Code. 


V Certificate of Authorization No. es. Expires en 


Date ee: a Signed a: eee Name C) 


(Responsible Representative} (Manufacturer or Assembler) 


Figure 7.7 Certificate of Conformance. (From ASME Section I.) 


designee can inspect the manufacturing, assembly, and test operations 
at any time. 

A Certification of Authorization to apply the ASME Code symbol UD 
(Fig. 7.8), if granted by the ASME, remains valid for 5 years from the 
date it is issued. This Certificate of Authorization may be extended for 
another 5-year period if the following tests are successfully completed 
within 6 months before expiration: 


1. Two production sample rupture disk devices of a size and capacity 
within the capability of an ASME-accepted laboratory are selected by 
a representative of an ASME-designated organization. 
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3. If any device fails to meet or exceed the performance (burst pres- 
sure, Minimum net flow area, and flow resistance) requirements, the 
test can be repeated at the rate of two replacement devices for each 
device that failed. 


4. If any replacement device fails to meet the performance require- 
ments, the authorization to use the Code symbol for that particular 
device may be revoked by the ASME within 60 days of the authori- 
zation. The manufacturer must demonstrate the cause of such fail- 
ure and the action taken within this period. 


7.2.1 Manufacturing ranges 


ASME Code Sec. VIJI—Division I requires that the marked burst pres- 
sure of a disk (also referred to as set pressure) should not exceed the 
maximum allowable working pressure (MAWP) of a pressure vessel 
when the disk is used as the primary or sole relief valve. 

A customer may request to rupture the disk at a specified pressure. 
This pressure is called requested burst or rupture pressure. As the burst 
pressure of a disk is affected by temperature, the burst temperature 
should also be specified. The requested burst pressure is generally a 
function of the equipment or system design pressure. Applicable codes 
and operating conditions should be considered when deciding requested 
burst pressure. 

The marked burst pressure always varies from the requested burst 
pressure. The amount of this variation is controlled by the manufac- 
turing range for the disk. A manufacturing range is permitted because 
it is not practical to manufacture rupture disks to an exact value. The 
range of burst pressure depends on the type of disk, a typical range being 
+10% to —5% for standard and composite-type disks. The total manu- 
facturing range is always on the minus side for scored rupture disks. 

The marked burst pressure is normally determined by bursting at 
least two disks at the required temperature during the manufacturing 
process and determining the rupture disk rating. This burst pressure 
may be anywhere within the specified manufacturing range. The 
requested burst pressure should be specified in such a way that the 
upper end of the manufacturing ranges does not exceed the MAWP of 
the vessel or system. 


7.2.2 Rupture tolerances 


The ASME Code, Sec. VIJI—Division I, also specifies rupture toler- 
ances. This tolerance is +5% for pressure exceeding 40 psig, or +2 psig 
for pressure up to 40 psig. The manufacturer is required to guarantee 
that the burst pressure of all rupture disks in a given lot is within this 
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BS&B SAFETY SYSTEMS, INC., Tulsa, Oklahoma 
(with Anderson, Greenwood & Co., Stafford, Texas) 


Disk Type Number, S90 Heads: S90-7R or SRB-7RAS 
Approved in accordance with Section VIII on February 21, 1978 
Valve Type: 123/223/323/423/623/923 


nimum Set Combination 
Minimum Pressure, Capacity 
Size PSIG \ Material Factor 
1" | 150 Inconel, Teflon 96 
2 | 73 Nickel 96 
~ en 73 Nickel, Teflon 96 
6" 38 Nickel .96 
6" 41.5 Monel, Teflon 96 


(with IMI Bailey Birkett Ltd., Manchester, England) 


Disk Type Number: JARS Heads: SRB-7RS 
Approved in accordance with Section Vil! on October 20, 1983 
Valve Type: WB-400 


| Minimum Set | Combination 


Minimum | Pressure, Capacity 
PSIG Material Factor 


Disk Type Number: S-90 Heads: S-90-7R or SRB-7RS 
Approved in accordance with Section VIII on October 21, 1983 
Valve Type: WB-400 


Minimum Set Combination 
Pressure, Capacity 
PSIG Material Factor 


148 Nickel 994 


Minimum 
Size 


Disk Type Number: JAS Heads: SRB-7RS 
Approved in accordance with Section VIIl on January 7, 1983 
Valve Type: JB 


Combination 
Capacity 
Factor 


Minimum Set 
Pressure, 
PSIG 


Minimum 
Size 


Material 


Stainless 


Disk Type Number: JRS Heads: SRB-7RS 
Approved in accordance with Section VIII on January 7, 1983 
Valve Type: JO 


Combination 
Capacity 
Factor 


Minimum Set 
Pressure, 
PSIG 


Minimum 
Size 


Material 


Stainless 


Disk Type Number: S90 Heads: S90-7R or SRB-7RS 
Approved in accordance with Section VIII on January 7, 1983 
Valve Type: JB 


| Minimum Set | Combination 
Minimum Pressure, | , Capacity 
Size | PSIG | Material | Factor 
1" | 126 Nickel | .955 
2" | 75 | Nickel 994 


Disk Type Number: S90 Heads: S90-7R or SRB-7RS 
Approved in accordance with Section Vill on January 7, 1983 
Valve Type: JO 


Minimum Set Combination 


Minimum Pressure, Capacity 
Size PSIG Material Factor 
a: 126 Nickel .959 


Nickel 


Disk Type Number: SVI Heads: SVI 
Approved in accordance with Section VIII on January 7, 1983 
Valve Type: JB 


Combination 
Capacity 
Factor 


Minimum Set 
Pressure, 
PSIG 


Minimum 
Size 


Material 
Nickel 


Disk Type Number: SV! Heads: SV! 
Approved in accordance with Section VIII on January 7, 1983 
Valve Type: JO 


Combination 
Material 


Minimum Set 
Pressure, PSIG 


Capacity 
Factor 


Nickel 


(with Crosby Valve & Gage, Wrentham, Massachusetts) 


Disk Type Number: GFN Heads: NF-7R 
Approved in accordance with Section VIIi on September 19, 1980 
Valve Type: JB 


Minimum Set Combination 
Minimum Pressure, Capacity 
Size PSIG | Material Factor 


Disk Type Number: JRS Heads: SRB-7RS 
Approved in accordance with Section Vill on July 23, 1981 
Valve Type: JOS/JBS 


Combination 
Capacity 
Factor 


Minimum Set 
Pressure, 
PSIG 


Minimum 
Size 


Material 


Figure 7.9 Capacity certification for a rupture disk. (Courtesy National Board.) 


7.2.4 Production testing 


The manufacturer should test each rupture disk device to which an 
ASME Code symbol stamp is to be applied. In addition, the manufac- 
turer must have a documented program for the application, calibration, 
and maintenance of gauges and instruments used during the tests. 

As a minimum, the manufacturer must conduct the following pro- 


duction tests: 
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Figure 7.10 ASME 
Code symbol for rup- 


ture disk. 
FORM UD-1 MANUFACTURER'S CERTIFICATE OF CONFORMANCE FOR RUPTURE DISK DEVICES 
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1 
1. Manufactured by @ 


2. Table of Code symbol stamped items: 


Certified 
Marker | Specified 

Burst Disk Resistance | Date Cl 
Pressure] Temp. Coefficient } Code 


3. Remarks @ 


CERTIFICATE OF SHOP COMPLIANCE 


By the signature of the Certified Individual (Cl) noted above, we certify that the statements made in this report are correct and that all 
details for design, material, construction, and workmanship of the rupture disk devices conform with the requirements of Section VIII, 
Division 1 of the ASME Boiler and Pressure Vessel Code. 


UD Certificate of Authorization No. © Expires _ © 


Date Wy) Signed @ Name @ 


(responsible representative) (Manufacturer) 


Figure 7.11 Certificate of Conformance for rupture disk device. (From ASME Section 
VITT, Div. 1.) 
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includes multi-lingual capability, the ability to save files in a standard 
Windows format, and the ability to print to any printer configured for 
the Windows system. The printout options for each valve selection 
include a datasheet, a drawing showing dimensions, weight, mater1- 
als, the API designation, and a calculation sheet showing the appli- 
cable formula used in the area and capacity calculation. Each selected 
valve is completely configured to match the order entry, and name- 
plate designation. The program also includes the capabilities of copy- 
ing tag numbers, editing the selected valve options, and resizing tag 
numbers. 

This computer program is written based on the latest editions of 
ASME and API Codes. The program includes the checks for ASME 
Section VIII — Division 1 compliance, ASME B16.34 pressure tempera- 
ture limits, API pressure and temperature limits, O-ring and bellows 
requirements, spring chart limitations, and steam chart correlations. 
The output includes noise and reaction force calculation, outlines dimen- 
sional drawing (installation dimensions), bill of materials for valve com- 
ponent parts, and detailed valve selection criteria. 


8.1.1. Valve sizes 


Valve sizes are usually selected on the basis of orifice areas. The 
American Petroleum Institute (API) and the American Society of 
Mechanical Engineers (ASME) have devised standard equations that are 
used to size an orifice once the required relieving capacity has been 
determined. Once the required orifice has been determined then a stan- 
dard size orifice is selected from a list of standard orifice sizes available 
from manufacturers. 

The orifice areas are listed in API Standard 526. Valve manufactur- 
ers generally list their valves by inlet size, API letter designation for 
nozzle area, and outlet size. Manufacturers also provide ASME standard 
orifice sizes. 

Table 8.1 shows the API and ASME letter designations for valves and 
their orifice areas. 

The user can pick either API or ASME standard orifice sizes. Also, 
the user must pick orifice coefficients used to determine the required 
orifice. These orifice coefficients represent deviations from perfect dis- 
charge due to friction, viscosity, system backpressure, and multiple 
relief devices used in combination. For a perfect discharge, all coeffi- 
cients would be one. 

The actual ASME orifice size for a selected orifice is actually the same 
orifice as the API, although they show two different sizes. ASME gives 
the actual orifice size whereas API gives the “effective” orifice size. 
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TABLE 8.2 Relief Valve Inlet x Outlet Sizes 


Outlet pressure 150 lbs Outlet pressure 300 Ibs 


Inlet pressure rating as stated below 


150 |b 300 Ib 600 Ib 900 lb 1500 lb 2500 lb 
Flange Flange Flange Flange Flange Flange 
Letter size size size size size size 
D 1 <2" 1 x OF 1 x 2” Lye” x 2” 1 fs" eo" Vo” x 3” 
E I eee 1” x 2” 1? x OY 1s’ x 2” To 627 13” x3” 
F Le” x 2” Lye” « 2” "62" 12” x 8” 1'/e" x 3” i 3" 
G L/2” x 8” 1/2” x 3” 1'/2” x 3” 1/2” x 8” Oe x BY Of BY 
H Wf” x 3” 1/2” x 3” 1/2” x 3” OP sea 2 3 
J 2” x 3” 2" x 3” a RAY BM seal Bo seg" 
K 3 x Al 3” x 4” 3” x 4” 3a x 6" 3” x 6” 
L ae: hd 3° xa 4” x 6” 7 i a 6 
M AY 6" 4” x6” 4” x 6” 
N 4” x 6” 4” x 6” 4” x 6” 
P 4” x 6” 4” x 6” 4” x 6” 
Q 6” x 8” 6” x 8” 6” x 8” 
R 6° x 8” 6” x 8” 6 « TO” 
T 8” x 10” 8° x 10” 
Viscosity 


Specific gravity 
Liquid (referred to water) 
Gas (referred to air) 
Ratio of specific heats (A) 
Compressibility factor (z) 


B. Operating conditions 
Maximum operating pressure (psig) 
Maximum operating temperature (°F) 
Maximum allowable working pressure (psig) 


C. Relieving conditions 
Required relieving capacity 
Gas or vapor (lb/hr) 
Gas or vapor (scfm) 
Liquid (gpm) 
Set pressure (psig) 
Allowable overpressure (%) 
Superimposed back pressure (psig) 
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156 Chapter Eight 


8.1.4 Sizing for vapors and gases 


Sizing for vapors and gases can be calculated by either capacity weight 
or volume. The formulas used are based on the perfect gas laws, which 
assume that a gas neither gains nor loses heat (adiabatic) and the 
energy of expansion is converted into kinetic energy. Some gases devi- 
ate from the perfect gases, especially when approaching saturation. 
Various correction factors such as gas constant C, compressibility factor 
Z, etc., are used to correct for these deviations. 

The sizing formulas for vapors or gases fall into two categories based 
on the flowing pressure with respect to the discharge pressure. These 
categories are: critical and subcritica!. 


Critical flow. Ifacompressible gas is expanded across a nozzle, or an or1- 
fice, its velocity and specific volume increase with decreasing down- 
stream pressure. For a given set of upstream conditions, the mass flow 
rate through a nozzle increases until a limiting velocity is reached in the 
nozzle. The limiting velocity is the velocity of sound in the flowing fluid 
at that location. The flow rate corresponding to the limiting velocity is 
called the critical flow rate. 

The critical flow pressure ratio in absolute units is estimated by using 
the ideal gas relationship in the following equation: 


ki(k-1) 


raf K +1 


where P.;= critical flow nozzle pressure, psia 
P, = upstream relieving pressure, psia 
kK = ratio of specific heats for any ideal gas 


If the pressure downstream of the nozzle is less than or equal to the 
critical flow pressure P.,, then critical flow will occur. 


Sizing for critical flow of vapor and gas services. Pressure relief devices 
that operate at critical flow conditions are sized according to Eqs. 8.1 
and 8.2, below. Each equation is used to calculate the effective discharge 
area A required to obtain a required flow rate through a pressure relief 
device. A pressure relief valve that has an effective discharge area equal 
to or greater than the calculated area A is then selected for the appli- 
cation from API RP 526. 

Balanced pressure relief valves may be sized using Kas. 8.1 and 8.2. 
The back-pressure correction factor, K,, for this application should be 
obtained from the manufacturer. 
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3. The compressibility factor (Z) can be calculated by the following 
equation: 


F 


pe 


Achart for Z for hydrocarbon gas is shown in Fig. 8.1. 


4. A gas constant C is based on the ratio of specific heats K = C,/C, at 
standard conditions and is usually given in manufacturers’ catalogs. 
Table 8.3 lists some typical gas properties. 


Or 


. The gas constant C from Table 8.3 can be used, or C may be calcu- 
lated using the following equation: 


9 (k+1)/(k-1) 
C =520Vk f | 


k+l 


1.1 
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Figure 8.1. Compressibility of hydrocarbon gas. 
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Coefficient C 


Figure 8.2. Gas constant, C. 


K,, = correction factor for pressure above 1500 psig 
P, = inlet pressure during flow (psia) (Set — inlet pressure loss + 
overpressure + local atmospheric) 


Notes 


1. The superheat factor Kx,,corrects for the flow rate of steam above the 
saturation temperature. Kg,,= 1.0 for saturation temperature. For 
temperatures less than saturation temperature, Ky,,1s less than 1.00. 


ry 


Appendix B shows a list of superheat correction factors. 


2. The high-pressure correction factor K, corrects for the increase in flow 
rate above 1500 psig. It is dependent only on the absolute inlet pres- 
sure. Figure 8.3 illustrates a curve showing this correction factor. 


Example 8.2: Sizing—Sonic Flow What orifice area is required to protect 
a process vessel from overpressure due to an upstream control valve failure, 
if the maximum capacity of the control valve is 126,000 scfm? The maximum 
allowable working pressure of the vessel is 1000 psig. 


Solution 
Required capacity 126,000 scfm 
MAWP 1000 psig 


Molecular weight of gas 18.9 
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device is subcritical. Equations 8.4 and 8.5 may be used to calculate the 
required effective discharge area for a conventional pressure relief valve 
that has its spring setting adjusted to compensate for superimposed 
back pressure. Equations 8.4 and 8.5 may also be used for sizing a pilot- 
operated relief valve. The formula for calculating orifice area based on 
volumetric flow rate is 


VV MTZ 


Ae 
4645K,, PF 


(8.4) 


The formula for calculating orifice area based on mass flow rate is 


WVTZ 


Fees ae A Sa ae 
735K,,.P FVM 


(8.5) 


where the flow correction factor Fis 


k-1\ 6B P 


Example 8.3: Sizing—Subsonic Flow What orifice area would be required 
to protect a refrigerated liquefied natural gas (LNG) storage tank from over- 
pressure due to vapor generated by failure of the boil-off compressor? 

The calculated blow-off rate is 25,000 scfm. The MAWP of the vessel is 
1.50 psig. 


Given 
MAWP 1.5 psig 
Molecular weight of gas 18.9 
Gas temperature —260°F 
Compressibility factor (assumed) 1.0 
Ratio of specific heats 1.27 
Inlet piping pressure loss 0% 
Discharge piping None 


Solution The equation is 


VVMTZ 


A=—— 
4645K,,.P,F 
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K=ASME coefficient of discharge on liquid 
K,, = back pressure correction factor for direct spring-loaded 
valves due to reduced lift (for all other valves, K,,, = 1.00) 
K,. = viscosity correction factor 
P, = inlet pressure during flow = set pressure — inlet pressure 
loss + allowable overpressure (psig) 
P, = back pressure during flow (psig) 


Notes 


1. K,, factor: The K,, correction factor can be obtained from the valve 
manufacturer. Figure 8.4 is a typical graph for a balanced direct 
spring-loaded valve in liquid service. 

The set pressure always varies with back pressure for unbalanced 
valves. The set pressure is not affected by back pressure for balanced 
valves. In unbalanced direct spring-loaded valves, K,,, equals 1.00. For 
pilot-operated relief valves, K,,,is always equal to 1.00 since lift is not 
affected by back pressure. 


2. When a relief valve is sized for viscous liquid service, it is first sized 
as if it were for a nonviscous liquid by using K, factor = 1.00. For a 
viscous liquid (above 100 Saybolt universal seconds), a preliminary 
required discharged area, A, is determined by using K,, = 1.00. From 


Percent back pressure 


Figure 8.4 K,,.. for balanced bellows spring valves on liquids. 
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chosen orifice is adequate. If the corrected area exceeds the chosen 
standard orifice area, the above calculation should be repeated using 
the next larger standard orifice size. 


Example 8.4: Sizing—Liquid Flow What orifice area is required to protect 
a lubrication oi] system from overpressure if the pump capacity is 150 gal/ 
min? 

The maximum allowable working pressure of the system is 4000 psi. The 
pressure relief valve discharges into a closed header. An ASME UV valve has 
been used. 


Given 
MAWP 1440 psi 
Specific gravity of oil 0.75 
PRV coefficient 0.74 
Required flow rate 150 U.S. gal/min 


Built-up back pressure 100 psig 
Viscosity of oil 2000 SSU 


Inlet pressure losses 3% 


A full-nozzle, spring PRV is required. 


Solution The required equation is 


QVG 


. B8KK Ky 4P, - P,) 
where @ = 150 
G=0.75 
K=0.,74 
Ky = 1.00 
P, = 1440 — 43 + 144 = 1541 psig 
P; = 100 


Assume that Ay-= 1.00. Then 


7 150V0.75 
38(0.74)(1.00)(1.00)¥1541— 100 


A= 0.122 in” 


A 


To correct for viscosity, the next larger orifice available for the valve type chosen 
is used to calculate the Reynolds number. The next larger orifice is 0.196 in’. 
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K,, = 1.0 for atmospheric back pressure 
M = 28.97 


Solution The minimum required effective discharge area A is 


_ 60Q(0.0763)VT V¥Z 
356KP,(5.3824)K, 


A 


A= (60)(15,000)(0.0763),/(610)(1) 
(356)(0.975)(246.7)(5.3824)(1.0) 


A= 3.68 in” 


Therefore, a valve of “N” orifice with an effective area of 4.34 in” is selected 
for this application. 


8.1.7 Sizing multiple valves 


An installation may require one or more pressure relief valves as per 
ASME Sec. VIII, Division 1, and API RP 520. The application requires 
the pressure relief valve(s) to provide overpressure protection caused by 
non-fire- and fire-related situations. Set pressure and overpressure 
requirements vary with the type of installation. 

The overpressure is the difference between the accumulation of the 
system and the set pressure of the pressure relief valve. The flow pres- 
sure P,; is set equal to the system accumulation pressure to determine 
the valve orifice area. 


Single-valve installations. When only one valve is required for system 
overpressure protection, the following situations are considered: 


1. Overpressure due to non-fire-exposure event: 


(a) The set pressure is equal to or less than the MAWP of the system. 
(b) The accumulation of the system should not exceed the larger of 
3 psi or 10% above the MAWP: 


P, =MAWP + 3+ 14.7 MAWP 15-30 psig 
P, = 1.1(MAWP) + 14.7 MAWP > 30 psig 


2. Overpressure due to fire-exposure event: 


(a) The set pressure is equal to or less than the MAWP of the system. 
(b) The accumulation should not exceed 21% above MAWP: 


P, = 1.21(MAWP) + 14.7 MAWP > 15 psig 
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K,,= capacity correction factor due to back pressure, use K,= 1.0 for atmos- 
pheric back pressure 
M= 19.0 


Solution The minimum required effective discharge area A is 


WvVTZ 


~ CKPK,VM 


ae (6000),/ (580) (1) 


A 


A = 0.382 in? 


Therefore, two “E” orifice valves with a total area of 0.392 in” are required to 
meet the required flow for this multiple-valve application. The effective area of 
each “E” orifice valve is 0.196 in’. One valve should be set at MAWP = 210 psig 
and one should be set at 105% of MAWP or 220.5 psig. 


8.1.8 Saturated-water valve sizing 


ASME Code Sec. VIII, Division 1, App. 11 provides specific rules for 
determining valve-relieving orifice areas required for saturated-water 
service. However, the valve has to be continuously subjected to saturated 
water for these rules to apply. If, after initial relief the flow changes to 
quality steam, the valve should be treated as per dry saturated steam. 

The rules apply to those safety valves that have a nozzle type con- 
struction (throat-to-inlet-area ratio of 0.25—0.80 with a continuously 
contoured change) and have exhibited a coefficient K,1n excess of 0.90. 

Figure 8.6 is used to determine the saturated-water capacity of a 
valve rated under UG-131 of Sec. VIII, Division 1. Enter the graph at 
the set pressure, move vertically upward to the saturated-water line, and 
read the relieving capacity horizontally. This capacity is a theoretical, 
isentropic value determined by assuming equilibrium flow and calcu- 
lated values for critical pressure ratio. 


Example 8.7: Sizing—Saturated-Water Valve What would be the orifice area 
of a safety relief valve used for the following application? 


Fluid Saturated water 
Required capacity 195,200 lb/hr 
Allowable overpressure 10% 

Set pressure 600 psig 


Relieving temperature 470°F 
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multiplied by a combination capacity factor for account for any flow 
losses attributed to the rupture disk. 

The following two situations should be considered when sizing pres- 
sure relief valves as combination devices: 


1. Rupture disk not certified with pressure relief valve. In this situa- 
tion, the pressure relief valve is sized according to the previous 
identified methods. This combination of rupture disk and pressure 
relief valve can only be credited with 90% of its ASME-certified 
relieving capacity. That means a combination capacity factor of 0.90 
may be used. 


2. Rupture disk certified with the pressure relief valve. In this situa- 
tion, the particular type of pressure relief valve has actually been 
flow tested in combination with a rupture disk and a combination 
capacity factor has been established. The combination capacity 
factor (Fig. 8.7) is published by the National Board. The ASME- 
certified relieving capacity should be multiplied by the combina- 
tion capacity factor to obtain the allowable ASME relieving 
capacity for the combination of the pressure relief valve and rup- 
ture disk. 


Example 8.8: Sizing—Combination of Pressure Relief Valve and Rupture 
Disk Determine the orifice area of a pressure relief valve used in combina- 
tion with a rupture disk for the following application: 


Fluid Natural gas 
Required capacity 7300 Ib/hr 
Set pressure 210 psig 
Overpressure 10% 
Back pressure Atmosphere 
Inlet relieving temperature 120°F 
Molecular weight 19.0 

Given 


W = 7,300 lb/hr 

7 = 120 + 460 = 580°R 

Z =compressibility factor, use Z = 1.0 
FP, = (2103(1,10) + 14.7 = 245.7 psia 
(= 344 

K=0.975 
K, = 1.0 for atmosphere back pressure 
M=19.0 
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Let us assume that a rupture disk combination factor of 0.90 would be 
used. The minimum required effective discharge area may be calculated using 
the following formula: 


A 


Required area = — 
Fat 


_ 0.490 
0.9 


= 0.55 in” 


Therefore, this application with a rupture disk would require an “H” orifice- 

3 , é eae a: é ‘ ‘ 
style pressure relief valve with an effective area of 0.875 in”. This size is one 
valve size larger than for pressure relief valve application alone. 


8.1.10 Sizing for thermal expansion 
of trapped liquids 


A pressure relief device should be provided where liquid-full equipment 
can be blocked in and continued heat input cannot be avoided. Flow rates 
for relieving devices to protect heat exchangers, condensers, and cool- 
ers against thermal expansion of trapped liquids can be determined 
using the following formula: 


apm = 27 (8.9) 
500GC 
where GPM = flow rate in U.S. gal/min at the flowing temperature 
B=cubical expansion coefficient per °F for the liquid at the 
expected temperature differential 
H = total heat transfer rate, in BTU/hr (maximum 
exchanger duty during operation) 
G = specific gravity referred to water = 1.00 at 60°F 
(compressibility of the liquid is ignored) 
C = specific heat in BTU/Ib/°F of the trapped fluid 


Notes 


1. Cubical expansion coefficient B. it is recommended that this value be 
obtained from the process design data. Typical values of cubical 
expansion coefficient for hydrocarbon liquids and water at 60°F are: 


Gravity of liquid (CAPT) B 

334.9 0.0004 
35-50.9 0.0005 
51-63.9 0.0006 
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The Design Institute for Emergency Relief Systems (DIERS), spon- 
sored by the American Institute of Chemical Engineers (AIChE), has 
been active in extensive research toward developing methods for deter- 
mining pressure relief valve orifice areas for multiphase systems. API 
RP 520, Part 1, App. D, gives several new techniques for sizing PRVs in 
multiphase systems. These methods, however, have not been validated 
by test, and there is no recognized procedure for certifying the capacity 
of pressure relief valves in two-phase-flow service. 


8.2 Rupture Disks 


A rupture disk is a precision relief device designed to rupture at a prede- 
termined pressure and temperature. Rupture disks have to be selected 
and sized very carefully to meet process requirements. The following 
steps can be used as a guide to selecting the proper type of rupture 
disk: 


1. List the following information: 
= Maximum allowable working pressure of the vessel or system 

Maximum operating pressure 

Maximum temperature at the disk location 

Desired rupture disk burst pressure and temperature 

Back pressure or vacuum conditions, if any 

Medium, liquid or gas; corrosion characteristics of the medium 

Static, cycling, or pulsating device 

Code requirements: ASME, ISO, API, CEN, etc. 

2. Calculate the ratio of maximum operating pressure to minimum burst 
pressure. Manufacturing range should be taken into consideration in 
determining minimum burst pressure. The following is an example. 


Example 8.10 The variables for rupture disk selection are given below. What 
is the ratio of maximum operating pressure to minimum burst pressure for 
the rupture disk? 


Maximum operating pressure 70 psig 
MAWP 110 psig 
Standard manufacturing range +10% to —5% 


Solution Ifa burst pressure of 100 psig is requested, that allows a manu- 
facturing range of 95-110 psig. In this case, minimum burst pressure is 95 
psi. Therefore, the ratio of the maximum operating pressure to minimum 
burst pressure is 70/90 = 74%. 


3. Select a disk type that meets the constraints of the pressure ratio cal- 
culated above. This ratio should be 0.9 or less. A lower pressure ratio 
often permits the use of a less expensive disk type. 
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Resistance-to-flow method (Kz). The rupture disk is considered as a flow- 
resistive element within the relief system. The resistance of the rupture 
disk is denoted by the certified resistance factor Kp. The Kp value rep- 
resents the velocity head loss due to the rupture disk device. This head 
loss is included in the overall system loss calculations to determine the 
capacity of the relief system. It is also important to note that the certi- 
fied Kp represents the device (disk and disk holder), not just the rup- 
ture disk. If there is no holder, the Kx value is for the disk. 

The resistance-to-flow method requires that the calculated relieving 
capacity of the system be multiplied by 0.90 to allow for uncertainties 
inherent in this method. This method is applicable under the following 
conditions: 


#® When the 8 & 5 rule does not apply 


® For calculating the pressure drop between the pressure vessel and the 
valve, when the disk is installed in combination with a pressure relief 
valve 


Combination capacity method. The combination capacity method is used 
when a rupture disk is installed on the inlet side of a pressure relief valve. 
This method requires that a rupture disk of the same nominal size or 
larger than the pressure relief valve’s inlet be used, and one then der- 
ates the valve capacity by 0.90 or higher for that disk/valve combination. 
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180 Chapter Nine 


Figure 9.1. A power boiler showing two safety valves. 


Figure 9.2 Safety valve on an electric boiler. 
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182 Chapter Nine 


Safety valves and safety relief valves are the most important valves 
on a power boiler. Catastrophic accidents can occur if safety valves fail 
to open in case of a power boiler explosion. Great importance is given 
to the design, construction, inspection, and repair of safety valves. 
Paragraphs from PG-67 to PG-73 of ASME Code Sec. I describe the 
rules for safety valves and safety relief valves used for power boilers. 


9.1 Operational Characteristics 


The operational characteristics of safety valves or safety relief valves 
used for power boilers are shown in Table 9.1. 

Exception: Safety valves on forced-flow-steam generators with no fixed 
steam and waterline, and safety relief valves used on high-temperature 
water boilers, may be set and adjusted to close after blowing down not 
more than 10% of the set pressure. 

Overpressure: 
No greater than 3% over the set pressure 


9.2 Code References 


Design, construction, inspection, testing, stamping, and certification of 
safety valves for power boilers must meet the requirements of ASME 
Code Sec. I. References to ASME Code Sec. I for these requirements are 
shown in Table 9.2. 


9.3 Design Requirements 


Safety valves for power boilers are designed according to the provisions 
of PG-67 to PG-73 of ASME Code Sec. I. Designs are submitted at the 
time of capacity certification or testing. The ASME designee reviews the 
design of the valves for conformity with the requirements of Sec. I. 


TABLE 9.1 Operational Characteristics of Safety 
Valves and Safety Relief Valves 


Set-pressure tolerance: 


2 psi 15-70 psi 

3° 71-800 psi 

10 psi 301-1000 psi 

1% >1000 psi 
Blowdown: 

4 psi <67 psi 

6% >67 psi to 250 psi 


15 psi >250 psi to 375 psi 
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6. Wrenching surfaces. Provisions are made for wrenching surfaces for 
screwed inlet and outlet connections. 


=<] 


Sealing. Means should be provided for sealing the valves after adjust- 
ments. 


8. Body. The valve body should be designed to minimize the effects of 
water deposits. 


9.3.2 Material selection 


Materials as permitted by ASME Code Sec. I are used for construction 
of safety and safety relief valves for power boiler service. Materials used 
for bodies and bonnets or yokes are required to be listed in ASME Code 
Sec. II, Parts A, B, and identified in Tables 1A and 1B of Sec. II, Part D. 

Materials for nozzles, disks, and other parts must be from one of the 
following categories: 


1. Listed in Sec. I 
2. Listed in ASTM Specifications 


3. Controlled by the manufacturer to ensure that chemical and physi- 
cal properties are at least equivalent to ASTM Standards. 


In the latter case, the manufacturer is responsible for ensuring that 
the allowable stresses at temperature meet the requirements of Sec. II, 
Part D, App. I—Nonmandatory Basis for Establishing Stress Values in 
Tables 1A and 1B. 

Cast iron seats and disks are not permitted to be used for safety 
valves and safety relief valves for power boiler service. It is required that 
corrosion-resistant materials be used for seats, guides, disks, disk hold- 
ers, and springs. 


9.3.3 Boiler safety valves 


Each power boiler is required to have at least one safety valve or safety 
relief valve. Two or more safety valves are required if the bare-tube 
water-heating surface is more than 500 ft” (47 m’). Two or more safety 
valves are also required if the combined bare-tube and extended water- 
heating surface is more than 500 ft” (47 m*) , and steam-generating 
capacity of the boiler is more than 4000 lb/hr (1800 kg/h ). The total 
valve capacity for each boiler should be able to discharge all the steam 
generated by the boiler without permitting the pressure to rise more 
than 6% above the highest safety valve setting, but in no case more 
than 6% above the maximum allowable working pressure (MAWP) as 
shown in Fig. 9.5. 
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186 Chapter Nine 


A safety valve or safety relief valve over NPS 3 (DN 80), if used for a 
power boiler operating at more than 15 psig, must have a flanged inlet 
connection or a weld-end inlet connection. The dimension of flanges is 
required to confirm the applicable ASME Standards. 

For forced-flow steam generators with no fixed steam and waterline 
(Fig. 9.6). equipped with automatic controls and interlocks responsive 
to steam pressure, safety valves must be provided in accordance with 
par. PG-67.4 of Sec. I. One or more power-actuated pressure relief 
valves must be provided in direct communication with the boiler when 
the boiler is under pressure and receive a control impulse to open when 
the MAWP at the superheater outlet is exceeded. The total relieving 
capacity should not be less than 10% of the maximum design steaming 
capacity of the boiler under any operating conditions. The valve(s) may 
be located anywhere in the pressure part system where they can relieve 
overpressure. 

Spring-loaded safety valves may be provided, with total relieving 
capacity, including that of power-actuated pressure-relieving capacity 
if installed, of not less than 100% of the maximum designed steaming 
capacity of the boiler. In this case, relieving capacity of not more than 
30% should be allowed for the power-actuated pressure relief valves 
actually installed. Any or all the spring-loaded safety valves may be set 
above MAWP. The set pressures should be such that all the valves in 
operation, together with power-actuated pressure relief valves, should 
not raise the operating pressure more than 20% above the MAWP of any 
part of the boiler. 


9.3.4 Superheater safety valves 


Each attached superheater is required to be equipped with one or more 
safety valves. The valve(s) should be located in the steam flow path 
between the superheater outlet and the first stop valve. The valve(s) may 
also be located anywhere in the length of the header. The discharge 
capacity of the safety valve on a superheater may be included in deter- 
mining the number and size of the safety valves for the boiler if there 
is no valve between the superheater safety valve and the boiler. In that 
case, the boiler safety valves must release 75% of the total valve capac- 
ity required. 

Each superheater, if separately fired and can be separated from the 
boiler by shutoff, is required to be equipped with one or more safety 
valves with a total capacity equal to 6 lb of steam per square foot of 
superheater surface. Alternatively, the manufacturer may calculate the 
minimum safety valve relieving capacity in lb/hr from the maximum 
expected heat absorption in Btu/hr, divided by 1000. 
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The safety valves used on a superheater for relieving superheated 
steam at a temperature over 450°F (232°C) must have a casing with the 
base, body, bonnet, and spindle constructed of steel, alloy steel, or any 
heat-resisting material. The valves must have a flanged inlet, or a weld- 
end inlet connection. 

The capacity of a safety valve on superheated steam should be calcu- 
lated by multiplying the capacity determined in accordance with PG-69.2 
by the appropriate superheat correction factor K,, shown in App. H. 

An electronic ball valve system (Fig. 9.7) is reeommended for mount- 
ing on the superheater outlet header before the superheater outlet safety 
valve. The electronic ball valve is normally set at a pressure lower than 
the spring-loaded safety valves, where it can reduce safety valve main- 
tenance and improve boiler efficiency. 

A special isolation valve is used to isolate the electronic ball valve. The 
isolation valve should be of the correct size and should not restrict the 
capacity of the electronic ball valve. This isolation valve is used to iso- 
late the electronic ball valve in case of leakage. The isolation valve is 
normally in open position during start-up. 
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Figure 9.7. Electronic ball valve on superheater outlet header. (Courtesy Dresser Flow 
Control.) 
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is required to include the effect of such firing in the total output maxi- 
mum output capacity. 

For a high-temperature water boiler, the minimum required capac- 
ity 1s obtained by dividing the maximum output at the boiler nozzle, pro- 
duced by the highest heating value of fuel for which the boiler is 
designed, by 1000. 

Each economizer, if it can be isolated from the boiler by a shut-off valve, 
is required to have one or more safety relief valves with a total discharge 
capacity in lb/hr, divided by 1000. This discharge capacity is determined 
by the manufacturer from the heat absorption capacity in Btu/hr, and the 
absorption capacity is required to be stated on the stamping. 


9.4.1. Relieving capacity 


A safety valve or safety relieve valve should have sufficient capacity to dis- 
charge all the steam that is generated by the boiler. The minimum reliev- 
ing capacity of a power boiler can be determined by either of two methods: 


1. By measuring the maximum amount of fuel that can be burned 


2. By estimating the pounds of steam generated based on heating surface 


Capacity based on fuel burning. The maximum quantity of fuel, C, which 
can be burned at the time of maximum forcing is determined by a test. 
The following formula is used to calculate the required minimum reliev- 
ing capacity of a safety valve based on the maximum amount of fuel 
burned: 


_ Cx Hx0.75 
1100 


W 


where W= steam generated, lb/hr 
C = total weight or volume of fuel burned at the time of 
maximum forcing, lb or ft” 
H = heat of combustion of fuel, Btu/lb or Btu/ft” 


Total capacity is the summation of capacity of each safety valve, which 
should be equal to or greater than W. 


Capacity based on heating surface. The heating surface of a boiler is 
defined as the area that is exposed to the heating medium for absorp- 
tion and transfer of heat to the heat medium. It is the area expressed 
in ft”, and is calculated for the surface receiving the heat. A boiler design 
is basically a layout of heating surfaces to obtain maximum efficiency 
and capacity. 
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capacity for the HRT boiler is 
1850 x 8 = 14.800 lb/hr 


The minimum safety valve capacity required is 14,800 lb/hr. 


Example 9.2: Heating Surface Calculation An oil-fired horizontal-return 
tubular boiler (Fig. 9. 8) has 60 in outside diameter and is 15 ft 6 in in length. 
The MAWP of the boiler is 125 psi. The boiler contains sixty-six (66) 0.120- 
in-thick wall tubes of 31/2-1n outside diameter. 


(a) What is the total heating surface computed on the tubes, one-half the 
area of the shell, and one-third the area of blank head (2) 59 in in diameter 
(disregard tube holes)? 


(b) What safety valve relieving capacity is required for this boiler? 
Solution 


D=60 in L=15 ff 6 in P= 125 psi 
N= 66 t=0.120 in @=3.5.1n 
ID of tube = d — 2t = 3.5 -2 x 0.120 = 3.26 in 


(a) Calculation of heating surface: For the shell, the projected area is one- 
half of the total shell area: 


mDL 


HS(shell) = ———— 
144x2 


_ 60 3.1416x15.5 x12 
1442 


= 121.74 ft" 
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Figure 9.8 Horizontal-return tubular (HRT) boiler. 
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2. The fuel measuring test. This is a test in which the maximum amount 
of fuel burned is measured. The evaporative capacity is calculated on 
the basis of the heating value of the fuel by using the formula: 


CxAx Td 
1100 


Yrs 


where C = total weight or volume of fuel burned per hour at the 
time of maximum forcing, lb (kg) or ft? (m’) 


3. The evaporative capacity test. This is a test in which the maximum 
evaporative capacity is estimated by measuring the feedwater. That 
means the amount of feedwater in lb/hr is the maximum evaporative 
capacity of the boiler in lb/hr. The sum of all the safety valve capac- 
ities should be equal to or more than the maximum evaporative 
capacity. 


Example 9.3: Safety Valve Capacity Checking A watertube boiler at the 
time of maximum forcing uses 3,250 lb/hr of Illinois coal with a heating value 
of 12,100 Btu/Ib.The boiler MAWP is 250 psi and the two 6 in. safety valves 
each have capacity 10,000 lbs/hr. Are the safety valve capacities adequate? 


Given 


C = 3,250 lb/hr 
H = 12,100 Btu/Ib 


Solution 


Weight of steam generated per hour is found by the formula: 


Cx W720.75 
1,100 


W= 


_ 3,250x12,100.x 0.75 
1,100 


W 


W = 26,812.5 lb/hr 


The sum of safety valve capacities should be equal or greater than 26,812.5 
lb/hr. The sum of the two existing safety valve capacities is 20,000 lb/hr, 
which is less than the required total capacity of 26,812.5 lb/hr. 

Therefore, safety valve capacities are inadequate. 
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The rules for ASME acceptance of testing laboratories and Authorized 
Observers for conducting capacity certification tests of safety and safety 
relief valves are given in App. A-310 of Sec. I of the ASME Code. An 
Authorized Observer is an ASME-designated person who supervises 
capacity certification tests only at testing facilities specified by the 
ASME. An ASME designee reviews and evaluates the experience of per- 
sons interested in becoming Authorized Observers, and makes recom- 
mendations to the Society. 

The manufacturer and the Authorized Observers sign the capacity test 
data reports after completion of tests on each valve design and size. The 
capacity test reports, with drawings for valve construction, are sub- 
mitted to the ASME designee for review and acceptance. 

Capacity certification tests are conducted at a pressure not exceeding 
set pressure by 3% or 2 psi (7 kPa), whichever is greater. The valves are 
adjusted so that blowdown does not exceed 4% of the set pressure. The 
tests are conducted by using dry saturated steam of 98% minimum 
quality and 20°F (11°C) maximum superheat. 

New tests are performed if changes are made in the design of the valve 
that affect the flow path, lift, or performance characteristics of the valve. 

Three methods, (1) the three-valve method, (2) the slope method, and 
(3) the coefficient-of-discharge method, are permitted for capacity cer- 
tification. Relieving capacity of a safety valve or safety relief valve may 
be determined using one of the methods. 


Three-valve method. In the three-valve method, a set of three valves for 
each combination of size, design, and pressure setting is tested. On test, 
the capacity should stay within the range of +5% of the average capac- 
ity. If the test fails for one valve, it is required to be replaced with two 
valves. Now a new average capacity of four valves is calculated, and 
tested again. If the test result for a valve fails to fall within +5% of the 
new average, that valve design is rejected. 

The rated relieving capacity for each combination of design, size, and 
test pressure is required to be 90% of the average capacity. 


Slope method. Inthe slope method, a set of four valves for each combi- 
nation of pipe size and orifice size is tested. The valves are set at pres- 
sures covering the range of pressures for which the valves will be used 
or the range of pressures available at the testing laboratory. The capac- 
ities are determined as follows. 

The slope W/P of the measured capacity versus the flow pressure for 
each test is calculated on average: 


Slopes WwW measured capacity, lb/hr 
P absolute flow rating pressure, psia 
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where W,= theoretical flow, lb/hr (kg/h) 
A =nozzle throat area, in> mm” 
P= (1.08 x set pressure + 14.7), psia, or (set pressure + 2 + 
14.7), psia, whichever is greater 
L = lift pressure at P. in (mm) 
D = seat diameter, in (mm) 


The coefficient of design K is calculated by multiplying the average 
of Ky of the nine tests by 0.90. All nine A, must fall within +5% of the 
average coefficient. If any valve fails to meet this requirement, the 
Authorized Observer is required to witness two additional valves as 
replacements for each valve that failed, with a limit of four additional 
valves. If the new valves fail to meet the requirement of the new aver- 
age value. that particular valve design is rejected. 

The rated relieving capacity is determined using the following formula: 


W<W,xK 
where W = rated relieving capacity, lb/hr 


W, = theoretical flow, lb/hr 
K = coefficient of discharge 


The value of W is multiplied by the following correction factor for 
valves with range of pressure from 1500 to 3200 psig: 


0.1906P — 1000 
0.2292P -1061 


Correction factor = 


For power-actuated pressure relief valves, one valve of each combi- 
nation of inlet pipe size and orifice size used with that inlet pipe size are 
tested. The valve capacity is tested at four different pressures available 
at the testing laboratory, and the test result is plotted as capacity versus 
absolute flow test pressure. A line is drawn through these four points, 
and all points must stay within +5 in capacity value and must pass 
through 0—0. A slope of the ine dW/dP is determined and applies to the 
following equation for calculating capacity in the supercritical region at 
elevated pressures 


0.90 aW |P 
x —— 


5145 dP Yu 


W =1,135.8 —— 


where W = capacity, lb of steam/hr (kg/hr) 
P= absolute inlet pressure, psia (kPa) 
v = inlet specific volume, ft’/Ib (m’/kg) 
dW/dP = rate of change of measured capacity 
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Figure 9.10 ASME 
code symbol stamp 
for safety valves 
and relief valves tor 
power boilers. 


Each safety valve or safety relief valve designed, fabricated, or assem- 
bled by a Certificate of Authorization holder is stamped with the Code 
symbol V. 

The manufacturer or assembler marks each safety valve with the 
required data, either on the valve or on a nameplate securely attached 
to the valve. The Code symbol V is stamped on the valve or on the name- 
plate. The marking includes the following data: 


1. Name of manufacturer or assembler 


two 


Manufacturer’s design or type 


Nominal pipe size of the valve inlet, in (mm) 


al 


Set pressure, psi (kPa) 
Blowdown, psi (kPa) 

Capacity, lb/hr (kg/h) 

7. Lift of the valve, in (mm) 

8. Year built 

9. Code V symbol stamp (Fig. 9.10) 


D or 


10. Serial number 


9.7 Certificate of Conformance 


A Certificate of Conformance for safety valves is a certificate similar to 
Manufacturer’s Data Reports for boilers. The Certificate of Conformance, 
Form P-8 (Fig. 7.7), is completed by the manufacturer or assembler and 
signed by the Certified Individual. If multiple duplicate safety valves 
are identical and manufactured in the same lot, they may be recorded 
as a single entry. 

The manufacturer or assembler is required to retain Certificates of 
Conformance for a minimum period of 5 years. 
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TABLE 9.5 Popping-Point Tolerances 


‘olerance, plus or minus 


Set pressure from set pressure 
<70 psi (480 kPa) 2 psi (14 kPa) 
>0 (480 kPa) and <300 (2070 kPa) 3° of set pressure 
>300 (2070 kPa) and <1000 (6 900 kPa) 10 psi (69 kPa) 
>1000 psi (6900 kPa) 1° of set pressure 


9.9.1 Ordering information 


When ordering safety valves, specify all of the following: 


1. Quantity 

2. Inlet and outlet size 

3. Inlet and outlet flange class and facing 
Materials of construction 

Seat pressure seal material 

Set pressure 

Maximum inlet temperature 
Allowable overpressure 


Fluid and fluid state 


— 


Backpressure, superimposed constant, and/or variable and built-up 


es ee Se ee ae ae 


— 


Required capacity 


. Accessories: 
(a) Bolted cap, open or packed lever 
(b) Test gag 
(c) “L” lever 
(d) “R” lever 


— 
bo 


9.9.2 Specifying safety valves 


Example 9.4: Specifying Safety Valves Specify safety valves required for a 
power boiler of capacity 6500 lb/hr. 


Solution 
Number of valves 2, 
Valve inlet 


Size (standard, oversize) ]—+-in standard 250# 
Connection (250#, 125# FNPT) 250# 
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Figure 10.1 A typical low-pressure steam boiler. 
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Figure 10.2 Acast-iron safety valve for a low pressure steam 
boiler. (Courtesy Kunkle Valve.) 
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Figure 10.4 T&P relief valve on a water heater. 


10.2.1 Safety valve requirements 
for steam boilers 


The safety valve should relieve all the steam generated by a steam heat- 
ing boiler. Each boiler should have at least one or more officially rated 
safety valves that are identified with ASME symbol V. The valves should 
be of spring pop type (Fig. 10.5), adjusted and sealed to discharge all the 
steam at a pressure not exceeding 15 psi (103 kPa). The size of the 
safety valve should be, as a minimum, NPS '/. (DN 15), and maximum 
NPS 4'/2 (DN 115). 

The minimum capacity required for the safety valve can be deter- 
mined by either of the following methods: 


1. Determine maximum BTU output at the boiler nozzle and divide that 
output by 1000. This is applicable for a boiler using any type of fuel. 
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TEST 
LEVER PIN 


SPINDLE 


SEAT 


Figure 10.5 Spring-loaded pop safety valve for low-pressure steam boiler. 


The minimum safety valve capacity for a cast-iron boiler should be 
determined by the maximum output method. Generally, a greater reliev- 
ing capacity is provided than the minimum specified by the rules. 


Example 10.1: Safety Valve Capacity Caiculation A gas-fired watertube 
boiler has 1650 ft” of heating surface and MAWP is 15 psig. What safety valve 
relieving capacity is required? 


TABLE 10.2 Minimum Ib/hr (kg/h) of Steam per ft® (m*) of Heating Surface 


Fire-tube Water-tube 
Boiler heating surface boilers boilers 
Hand fired 5 (24) 6 (29) 
Stoker fired 7 (34) 8 (39) 
Oil, gas, or pulverized fuel fired 8 (39) 10 (59) 
Waterwall heating surface: 
Hand fired 8 (39) 8 (39) 
Stoker fired 10 (49) 12 (59) 
Oil, gas, or pulverized fuel fired 14 (68) 16 (78) 


General notes: 

1. When a boiler is fired only by a gas having a heat value not in excess of 200 Btu/ft , 
(740U kJ/m_’), the minimum safety valve or safety relief valve relieving capacity 
may be based on the values given for hand-fired boilers above. 

2. The minimum safety valve or safety relief valve capacity for electric boilers is 
3! |b/hr/kW (1.6 kg/h/kW) input. 

3. The manufacturer may determine the minimum lb/hr/ft (kg/h/m*) for extended 
heating surface. 
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Figure 10.6 Bronze safety relief valve for hot water 
boiler. (Courtesy Kunkle Valve.) 


When more than one safety relief valve is used for a hot water boiler, 
the additional valves should also be ASME rated. These valves should 
have a set pressure within a range not exceeding 6 psi (40 kPa) above 
the MAWP of the boiler up to 60 psi (400 kPa), and 5% for valves for boil- 
ers having MAWP more than 60 psi (400 kPa). 

The relieving capacity in lb/hr (kg/h) of the pressure-relieving devices 
on a boiler should be greater than that determined by dividing the max- 
imum output in BTU at the boiler nozzle by 1000. Alternatively, the 
relieving capacity may be determined on the basis of lb/hr (kg/h) of 
steam generated per ft” (m”) of boiler heating surface as given in Table 10.2. 
The minimum relieving capacity for a cast-iron boiler should be deter- 
mined by the maximum output method. 

When a single safety relief valve is used on a boiler, the relieving 
capacity should be such that the pressure cannot rise more than 10% 
above the MAWP with the fuel-burning equipment operated at maxi- 
mum capacity. When more than one safety relief valve is used, the over- 
pressure should be limited to 10% above the set pressure of the highest 
set valve. 
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Figure 10.7. Bronze safety valve for steam heat exchanger. (Courtesy 
Kunkle Valve.) 


Figure 10.8 T&P safety relieve 
valve. (Courtesy Conbraco Indus- 
tries, Inc.) 
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Figure 10.9 Location of a relief valve for a heating boiler. 


10.2.6 Material selection 


Construction materials of for valve bodies and bonnets or pressure parts 
should confirm to ASME Sec. II. The manufacturer can use materials 
other than those listed in ASME Sec. II, if he can establish and main- 
tain specifications with equivalent chemical and physical properties. 

Cast-iron seats and disks are not allowed. Adjacent sliding surfaces 
such as guides and disks should be constructed from corrosion-resist- 
ant materials. Springs should be fabricated from corrosion-resistant 
materials or materials having a corrosion-resistant coating. 

Materials used for seats and disks should be able to withstand heat 
and provide resistance to steam cutting. 


10.2.7 Locations 


Safety relief valves should be located at the top of a hot water boiler or 
water heater (Fig. 10.9). The valves may be connected directly to a 
tapped or flanged opening in the water heater, to a fitting connected to 
the water heater by a short nipple, to a Y-base, or to a valveless header 
connecting water outlet on the same heater. 


10.3. Manufacture and Inspection 


A manufacturer must demonstrate to the satisfaction of an ASME 
designee that the manufacturing, production, testing facilities, and 
quality control procedures are in close agreement between the random 
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Figure 10.10 ASME symbol 
for a safety relief valve. 


3. NPS size in (DN) (the nominal pipe size of the valve inlet). 
4. Set pressure _ psi. 

5. Capacity lb/hr (kg/h), or capacity Btu/hr. 

6. Year built. Alternatively, a coding may be marked on the valves such 


that the valve manufacturer can identify the year the valve was 
assembled and tested. 


7. ASME Symbol as shown in Fig. 10.10. 


The above data should be marked in such a way that the markings 
will not be obliterated in service over a period of time. The markings may 
be stamped, etched, impressed, or cast on the valve or on a nameplate, 
which should be securely fastened to the valve (Fig. 10.11). 


10.4 Manufacturer’s Testing 


A manufacturer should have a well-established program for testing safety 
valves and safety relief valves. The testing program should be established 
for the application, calibration, and maintenance of test gauges. 

Each safety valve should be tested to demonstrate its popping 
point, blowdown, and tightness. Each safety relief valve should be 
tested to demonstrate its opening point and tightness. Safety valves 
are tested on steam or air and safety relief valves are tested on water, 
steam, or alr. 

Depending on size and design, testing time will vary, but testing time 
should be sufficient to ensure that test results are repeatable and rep- 
resent field performance. Test fixtures and test drums should of ade- 
quate size and capacity to assure accurate pop action and blowdown 
adjustment. 

The tightness test is very important for safety relief valves. A tight- 
ness test is conducted at maximum expected operating pressure, not 
exceeding the reseating pressure of the valve. 
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Coefficient method. This coefficient method is based on coefficient cal- 
culation and is used for safety relief valves. In this method, tests are con- 
ducted to determine the lift, popping, and blowdown pressures, and the 
capacity of at least three valves each of three representative sizes (a total 
of nine valves). Each valve should be set at a different pressure. 
However, safety valves for low-pressure steam boilers should have all 
nine valves set at 15 psig (100 kPa). 

Acoefficient of discharge, K,, is established for each test using the fol- 
lowing formula: 


K.= Actual steam flow 
? Theoretical steam flow 


where the average of coefficients A, of the nine tests 1s determined as 


K = average K, x 0.90 


where K is the coefficient of discharge for the design. 


The stamped capacities for all sizes and pressures are determined 
using the following formulas. 
For a 45° seat, 


W =51.52zDLP x 0.707K 
For a flat seat, 
W =51.52DLPK 


For a nozzle, 


W =51.5APK 


where W = weight of steam per hour, lb 
D=seat diameter, in 
L = lft, in 
P=(1.10 x set pressure + 14.7) psia for hot water applications 
= (5.0 psi = 15 psi set + 14.7) psia for steam boilers 
A= nozzle throat area, in” 


The maximum and minimum coefficients determined by the tests 
of a valve design should not vary more than +5% from the average. If 
one or more tests are outside the acceptable limits, one valve of the 
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Three-valve method. ‘The three-valve method is used when a manufac- 
turer intends to apply the Code symbol to safety relief valves of one or 
more sizes of a design set at one pressure. The manufacturer should 
submit three valves of each size of each design set at one pressure for 
testing. In this case the stamped capacity should not exceed 90% of the 
average capacity of the three valves tested. 

The discharge capacity as determined by the test of each valve tested 
should not vary more than +5% from the average capacity of the three 
valves tested. If one of the three valve tests falls outside the limits, it 
may be replaced by two valves and a new average calculated based on 
all four valves, excluding the replaced valve. 


10.5.2 Fluid medium for tests 


The tests should be performed with dry saturated steam. This steam 
may contain 98% quality and 20°F (10°C) maximum superheat. The 
relieving capacity should be measured by condensing the steam or with 
a calibrated steam flow meter. 

In order to determine the discharge capacity of safety relief valves, 
steam flow per hour is measured. The discharge capacity in terms of Btu 
is obtained by steam flow per hour W multiplied by 1000. 


10.5.3 Capacity tests of T&P safety 
relief valves 


For determining the capacity of T&P safety relef valves, dummy ele- 
ments of the same size and shape are used instead of thermal elements, 
and the relieving capacity is based on the pressure element only. The 
manufacturer should deactivate the temperature element of the pro- 
duction test valves prior to or at the time of capacity testing. 

For determining the set (opening) pressure, the test medium should 
be water at room temperature. The actual set pressure is defined as 
the pressure at the valve inlet when the flow rate through the valve 
is 40 cm’/min. Capacity tests should be performed with steam at a 
pressure 10% above the actual water set pressure. For production 
capacity tests, the rated capacity should be based on the actual water 
set pressure. 


10.5.4 Capacity tests for safety and safety 
relief valves 


Safety valves and safety relief valves are tested for conformance to the 
requirements of ASME PTC 25. The tests are performed at a place 
where the testing facilities, methods, procedures, and person supervis- 
ing the tests meet the requirements of ASME PTC 25. 
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Most pressure vessels are designed in accordance with codes devel- 
oped by the ASME and the American Petroleum Institute (API). In addi- 
tion to these codes, the design engineer uses engineering practices to 
make the vessel safe. A pressure vessel bears the symbol stamping of 
the code under which the vessel is designed and constructed. As a pres- 
sure vessel operates under pressure, safety is the main consideration 
during its design, construction, installation, operation, maintenance, 
inspection, and repair. 

Figure 11.1 shows a diagram of a typical pressure vessel. The main 
components are the shell, head, and nozzles. This cylindrical vessel is 
horizontal and may be supported by steel columns, cylindrical plate 
skirts, or plate lugs attached to the shell. The vessel may be used for any 
type of industrial process application under internal pressure. 

Like any other machine, a pressure vessel is composed of many com- 
ponents and fitted with various controls and safety devices. The major 
components of a pressure vessel are: 


® Shell. The main component or outer boundary metal of the vessel. 


= Head. The end closure of the shell. Heads may be spherical, conical, 
elliptical, or hemispherical. 


® Nozzle. Fitting for inlet and outlet connection pipes. 


Longitudinal seam Shell 


Bolted joint 


Circumferential seam 


Nozzle 


Figure 11.1. Pressure vessel diagram. 
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Figure 11.3. A deacrator. (Courtesy U.S. Deaerator Company.) 


6. 


~I 


. Vessels for containing water under pressure, including those con- 


taining air the compression of which serves only as a cushion, when 
none of the following limitations is exceeded: 

(a) A design pressure of 300 psi 

(b) A design temperature of 210°F 


. Hot water supply storage tanks heated by steam or any other indi- 


rect means when none of the following limitations is exceeded: 
(a) A heat input of 200,000 Btu/hr 

(b) A water temperature of 210°F 

(c) Anominal water-containing capacity of 120 gal 


. Vessels having an internal or external operating pressure not exceed- 


ing 15 psi, with no limitation on size. 


Vessels having an inside diameter, width, height, or cross-diagonal 
not exceeding 6 in, with no limitation on length of vessel or pressure. 


. Pressure vessels for human occupancy. 
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ASME Sec. VIII, Division 3—Alternative Rules for Construction of 
High-Pressure Vessels, are applicable to the design, construction, inspec- 
tion, and overpressure protection of metallic pressure vessels with 
design pressures generally above 10,000 psi. 


American Petroleum Institute Code. API510, Pressure Vessel Inspection 
Code, is widely used in the petroleum and chemical process industries 
for maintenance inspection, rating, repair, and alteration of pressure 
vessels. This code is applicable only to vessels that have been placed in 
service and have been inspected by an authorized inspection agency or 
have been repaired by a repair organization defined in the code. The code 
includes provisions for certifying pressure vessel inspectors. 

API Standard 572, Inspection of Pressure Vessels, is a Recommended 
Practice (RP) standard for inspection of pressure vessels (towers, drums, 
reactors, heat exchangers, and condensers). The standard covers the rea- 
sons for inspection, causes of deterioration, frequency and methods of 
inspection, methods of repair, and preparation of records and reports. 

API Standard 620, Recommended Rules for Design and Construction 
of Large, Welded, Low-Pressure Storage Tanks, provides rules for design 
and construction of large, welded, low-pressure carbon steel aboveground 
storage tanks. The tanks are designed for metal temperature not greater 
than 250°F and with pressures in their gas or vapor spaces not greater 
than 15 psig. These are low-pressure vessels that are not covered by 
ASME Sec. VIII, Division 1 Code. 

API Standard 650, Welded Steel Tanks for Oil Storage, covers mate- 
rial, design, fabrication, erection, and testing requirements for above- 
ground, vertical cylindrical, closed- and open-top, welded steel storage 
tanks in various sizes and capacities. This standard is applicable to 
tanks with internal pressures of approximately atmospheric pressure, 
but higher pressure is permitted when additional requirements are met. 

API Standard 660, Shell-and-Tube Heat Exchangers for General 
Refinery Services, defines the minimum requirements for the mechan- 
ical design, material selection, fabrication, inspection, testing, and 
preparation for shipment of shell-and-tube heat exchangers for general 
refinery services. 

API Standard 661, Air-Cooled Heat Exchangers for General Refinery 
Service, covers the minimum requirements for design, materials, fab- 
rication, inspection, testing, and preparation for shipment of refinery 
process air-cooled heat exchangers. 


TEMA standards. The Tubular Exchanger Manufacturers Association 
(TEMA) includes manufacturers of shell-and-tube heat exchangers. The 
TEMA Standards cover nomenclature, fabrication tolerance, general 
fabrication and performance information, installation, operation and 
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HOT WATER 
TO FIXTURES 
FA PRESSURE 
" ae & A RELIEF VALVE 
Cu FG 
SS ——— & 
= (oR 
\) s A 
Se en 
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Figure 11.5 Two water storage tanks, each has a T&P relief valve. (Courtesy: A.O. 
Smith Co.) 


The pressure relief valve of the direct spring-loaded type should be 
used on pressure vessels. Pilot-operated pressure relief valves may be 
used provided the pilot is self-actuated. The main valve should open 
automatically at not over the set pressure and discharge its full capac- 
ity if some part of the pilot should fail. 

The spring of a pressure relief valve (Fig. 11.6) should not be set for 
any pressure more than 5% above or below that for which the valve 
is marked. The manufacturer, his authorized representative, or an 
assembler should perform the initial adjustment, and provide a valve 
data tag identifying set pressure capacity and date. The valve shall 
be sealed with a seal identifying the manufacturer, his authorized rep- 
resentative, or the assembler performing the adjustment. 

The set pressure tolerances, plus or minus, of pressure relief valves 
should not exceed 2 psi (15 kPa) for pressures up to 70 psi (500 kPa). 
These tolerances, plus or minus, should not exceed 3% for pressures 
above 70 psi (500 kPa). 


‘[OSSOA 9] JO oANsseid SUTYIOM s[GeMOT[e WNWIxeU 
24} JO YOLTT peedxe Jou prnoys sinssoid jes poyreUW ayy ‘jeoy [eUIA}xXa 
I9Y}O 10 a1lJ JO ased [euoTydaoxe UT ‘aInsseid s[qeMOT[e WNUITXeU %GOT 
uvy} JeYsty JOU yng oAinsseid Jeysty 7e UadoO 0} Jos aq ABUT SOATCA [BUOT} 
-Ippe oy} pue ‘ainsseid SUTYIOM d[QeMOT[e UINUWIXeU ay} MOTEq JO 7e 
JOS aq p[noys sAT[BA OU ATUO ‘pasn SI dATBA Jol[ad aInsseid ouo UY BLOW 
Ud MM ‘[PESSeA ayy JO aAnsseid SUTYIOM J[GeMOT[e WINWIXeU 9} pseddxa 
yOU p[NOYs daATBA Jol[etl oInssoid o[SUIS B@ UO poyreU oinssoid yas OU], 


sjusweasinbas jeuonessdO LZ LL 


(‘SuU1lLaaUISUT S1LLD J KSIZANOD) ‘BATBA Jol[aI 9INSSaId BJO MATA [VUOTIIAS-SSOID Q"}} eanBiy 


(jeuondo) 
uB}seg Buly-O 


MG19S4907 
JOUIEIY | 


ab 
st 


| 


sauyelay Bury-o ‘ 


(jan) aGuel4 juror dey 
(j9}u}) abue| 4 yuior deq 


jaaig uoqe) 
jaais uoques) 
jaaig vogue 
VS WS OLE 
|3a)$ uoqe) 
VS IS OLE 
198] Ssa|Ule|S 
jag pea] / MIM “IS “IS 
‘IS WS OLE 
[88)S SSajule}s 


[28S BJM = 
suoyng Buds 
(400S/+ 01 .02-) Bunnds a 
1S 1S GLE waysegaping | 2. | 
1S IS 91E wayseg Apog] Lk | 
|aa}S uoqse’) pamaias uleig ‘deg | 6 | 
IS IS HE INN wer | 8 | 
IS IS GLE mains Ipy Ouuds} 2 
Ig IS. 918 wag] 9 
1S IS 91€ epioHysia] = S| 
IS 1S 91E a ae 


IS 1S OLE i 
IS "Wed ‘BOM 29 ‘912-¥S jauuog 
‘WY adh - INA uoRoag 
IS 1S W840 19 ‘LSE-WS Pcie 


YUM seydwo0d 


JeLO}eW Psepueys "ON way 


€€Z = S|ASSEA INSSalq JO} SADIANG Jal|oy sunssaig 


234 Chapter Eleven 


TABLE 11.1 Operational Requirements for Pressure Relief Valves 


Set pressure tolerance: 
+2 psi (15 kPa) Up to including 70 psi (500 kPa) 
$33% Above 70 psi (500 kPa) 


Blowdown: 
Required only during product certification testing; not a requirement for 
production valves. 
Most manufacturers meet 10°. 
Overpressure: 
3 psi or 10%, whichever is greater. 


The pressure relief valve set pressure should include the effects of 
static head and constant back pressure. Operational requirements for 
pressure relief valves are listed in Table 11.1. 


11.2.2 Code references 


Pressure relief devices for pressure vessels are designed, constructed, 
inspected, stamped, certified, and installed in accordance with the rules 


of ASME Code Sec. VIIJ—Div. 1. ASME Code references for pressure 
relief valve requirements are given in Table 11.2. 


11.2.3. Design requirements 


The total capacity of the pressure relief valves connected to any vessel 
for the release of liquid, air, steam, or other vapor should be sufficient 
to carry off the maximum quantity that is generated or supplied to the 


TABLE 11.2 ASME Code Sec. Xlil—Div. 1 References for Pressure Relief Valves 


Requirements Reference paragraph 

General UG-125 
Pressure Relief Valves UG-126 
Nonreclosing Pressure Relief Devices UG-127 
Liquid Pressure Relief Valves UG-128 
Marking UG-129 
Code Symbol Stamp UG-130 
Certification of Capacity of Pressure Relief Valves UG-1381 
Certification of Capacity of Pressure Relief Valves 

in Combination with Nonreclosing Pressure Relief Valves UG-132 
Determination of Pressure Relieving Requirements UG-133 
Pressure Setting of Pressure Relief Devices UG-134 
Installation UG-135 
Minimum Requirements for Pressure Relief Valves UG-136 
Minimum Requirements for Rupture Disk Devices UG-137 


Capacity Conversions for Safety Valves App. 11 
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(b) For air, 


where C = 256 
M= 2 
T= 


5 
8.97 mol. Wt. 
20 when W, is the rated capacity 


(c) For any gas or vapor, 


W =CKAP =f 
i 


where W, = rated capacity, lb/hr (kg/n) of steam 
W., = rated capacity, converted to lb/hr (kg/n) of air at 60°F 
(20°C), inlet temperature 
W = flow of any gas or vapor, lb/hr 
C = constant for gas or vapor which is a function of the 
ratio of specific heats, 
k=c,/ c, (See Fig. 11.7) 
K = coefficient of discharge . 
A = actual discharge area of safety valve, in.” (mm’) 
P= (set pressure x 1.10) plus atmospheric pressure, psia 
(MPa,ys) 
M = molecular weight 
T = absolute temperature at inlet [(°F + 460) (K)] 


Constant Constant Constant 

k Cc ret 

1.00 315 343 ; 366 

1.02 318 345 f 368 

8 1.04 320 347 j 369 
S 1.06 322 . 349 ; 371 
& 1.08 324 351 ‘ 372 
8 1.10 327 352 5 374 
1.12 329 354 : 376 

Flow Formula Calculations 1.14 331 356 f 377 

w=k (cap VM/T) 1.16 333 358 : 379 

1.18 335 359 ; 380 

1.20 337 361 i 400 

1.22 339 : 363 . 412 

1.24 341 364 ee <rela 


Figure 11.7 Constant C for gas or vapor related to ratio of specific heats (k = c,/c,). 
(Courtesy: ASME International) 
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Example 11.1: SV for Hydrogen Sulfide Service A safety valve is required 
to relieve 3,500 Ibs/hr of hydrogen sulfide at a temperature of 140 °F. The 
safety valve is rated at 2,000 lbs steam/hr at the same pressure setting. The 
owner stated the value of K to be 1.0. Will this valve provide the required 
relieving capacity in hydrogen sulfide on this pressure vessel? 


Given 
W,,, = 3,500 lbs/hr W, = 2,000 lbs/hr 
Molecular weight of hydrogen sulfide M = 34.08 
Constant C= 315 K=1.0 


T = 140 + 460 = 600 


W = CKAP nd 
zr 
Transpose for KAP: 
KAP = us 
a 
T 
pap. 
915 34.08 
600 
KAP = 46.627 


For steam W,= CKAP 
W,= 51.5 % 46.625 


W. = 2.401.29 lbs/hr 


Ss 


The safety relieving capacity required is 2,401.29 lbs/hr but the capacity pro- 


vided is 2,000 lbs/hr. 
Therefore, the valve will not provide required capacity in hydrogen sulfide 


on this vessel. 


Example 11.2: Safety Valve for Propane Service A safety valve is required 
to relieve 5,000 Ibs/hour of propane at a temperature of 125°F. The safety valve 
is rated at 3,000 lbs/hr steam at the same pressure setting. Will this valve 
provide the required relieving capacity in propane service on this vessel? 
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where W;-= 3817 lbs/M 
P = (Set pressure Xx 1.10) + 14.7 = 289.7 


or Set pressure + 3 psi + 14.7 = 267.7 


Therefore, greater of P = 289.7 psia 


3817 


ae 
51.5 Xx 289.7 


A = 0.2558 in.” 


For air service: 


W,. = 356AP al 
T 
where A = 0.2558 in.” 
P=289.7 psia 
M = 28.97 
T = 100°F + 460 = 560 


Se  pihaitin: pdt a NO 
W,. = (356)(0.2558)(289.7), |———— 
560 


W,.= 6000 Lbs/M 


Therefore. the relieving capacity in terms of air is 6000 Lbs/M 


Pressure setting. When a single pressure relief valve is used, the set 
pressure marked on the valve should not exceed the MAWP of the vessel. 
When the required relieving capacity is provided by more than one pres- 
sure relief valve, only one valve needs to be set at or below the MAWP; 
the additional valves may be set to open at higher pressure but in no 
case at a pressure higher than 105% of the MAWP. If the pressure relief 
valves are used to protect vessels against excessive pressure caused by 
exposure to fire or other sources of external heat, the valve set pressure 
marking should not exceed 110% of the MAWP of the vessel. 

The set pressure tolerance for pressure relief valve should not exceed 
+2 psi (15 kPa) for pressures up to and including 70 psi (500 kPa) and 
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Materials selection. The materials used in the construction of all pres- 
sure relief valves must conform to the materials listed in Secs. II and 
VIII, Division 1, of the ASME Code. Carbon and low-alloy steel bodies, 
bonnets, yokes, and bolting subject to in-service temperatures lower 
than —20°F (—30°C) should meet the requirements of Par. UCS-66 of 
Sec. VII, Division 1. Exception to this paragraph is applicable for mate- 
rials exempted from impact test and if the materials have a coincident 
ratio of 0.35 or less. 

Materials used for nozzles, disks, and other parts contained within 
the external structure of the pressure relief valve should be one of the 
following: 


= Listed in Sec. II 
= Listed in ASTM Specifications 


®# Controlled by the manufacturer of the pressure relief valve by a spec- 
ification ensuring control of chemical and physical properties and 
quality at least equivalent to ASTM standards 


Cast iron is not permitted to be used in construction of seats and disks. 
Adjacent sliding surfaces such as guides and disks or disk holders should 
be of corrosion-resistant material or having a corrosion-resistant coating. 
The seats and disks should be of materials which can withstand corro- 
sion of the fluid to be contained. 


11.2.4 Capacity certification 


A manufacturer of pressure relief valves should have the capacity cer- 
tified before applying Code symbol UV to any pressure relief valve. The 
capacity should be certified in accordance with Par UG-131 of Sec. VITI, 
Division 1 of the ASME Code. 


Capacity certification of pressure relief valves. Capacity certification tests 
for compressible fluids should be conducted on dry saturated steam, air, 
or gas. If dry saturated steam is used for testing, the limits should be 98% 
minimum quality and 20°F (10°C) maximum superheat. Correction 
within these limits may be made to the dry saturated condition. Capacity 
certification tests for incompressible fluids should be conducted on water 
at a temperature between 40°F (5°C) and 125°F (50°C). 

Capacity certification tests should be conducted at a pressure not 
exceeding the pressure for which the pressure relief valve is set to oper- 
ate by more than 10% or 3% (20 kPa), whichever is greater. Minimum 
pressure for capacity certification tests should be at least 3 psi (20 kPa) 
above set pressure. However, in accordance with Par. UG-131(c)(2), 
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K = average coefficient 
L = lift, in 
M = molecular weight 
P= (stamped set pressure + 3 psi or 10%, whichever is greater) 
+ 14.7, psia 
or 
P=(stamped set pressure + 20%) + 14.7, psia for test per UG- 
131(c)(2) 
P,= pressure discharge from valve, psia 
T = absolute temperature at inlet, °R (= °F + 460) 
w = 62.3058 lb/ft”, specific weight of water @70°F 


Slope method. ‘The values of slope given have the units scfm or lb/hr/ psia. 


W = slope x [(set pressure + 10%) + 14.7, psia| 
or 
W = slope x [(stamped set pressure + 20%) + 14.7] psia for test 
per UG-131(c)(2) 
For liquid (water): 


W = Fx,/(P -P,) 
where F = flow factor 


Capacity certification of pressure relief valve in combination with nonreclosing 
pressure relief devices. Manufacturers of pressure relief valves or rupture 
disks may have the capacity certified for each combination of pressure relief 
valve and rupture disk device design. The capacity should be certified in 
accordance with Par. UG-132 of Sec. VIII, Division 1, of the ASME Code. 


11.2.5 Testing by manufacturers 


The manufacturer or assembler should conduct production tests for 
each pressure relief valve to which a Code symbol stamp 1s to be applied. 
A manufacturer or assembler must have a written program for the 
application, calibration, and maintenance of gauges and instruments 
used for the tests. 


Pressure test. The primary parts for each pressure relief valve exceed- 
ing NPS 1 (DN 25) inlet size or 300 psi (2100 MPa) set pressure should 
be tested at a pressure of a minimum of 1.5 times the design pressure. 
This test is conducted after completion of all machining operations on 
the parts. The test should show no sign of leakage. 
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perform his duties according to the Code. The manufacturer should pro- 


vide such access either to his own documents or provide copies to the 
ASME designee. 


Marking. The manufacturer or assembler should mark each pressure 
relief valve NPS '/ (DN 15) and larger with the data as required by 
Par. UG-129 of Sec. VITI, Division 1. The data should be marked in such 
a way that the marking will not be wiped out in service over a period of 
time. 


Marking on pressure relief valve. The following markings may be placed 
on the valve or on a plate to be attached to the pressure relief valve: 


= 


. The name, or an acceptable abbreviation, of the manufacturer and the 
assembler 


2. Manufacturer’s design or type number 


3. NPS size (the nominal pipe size of the valve inlet) 

4. Set pressure psi (kPa) and, if applicable, cold differential 
test pressure psi (kPa) 

5. Certified capacity (as applicable) 


6. Year built, or alternatively, a coding identifying the year the valve was 
assembled or tested 


. ASME Code symbol as shown in Fig. 11.8. 


~l 


Notes 


— 


. Certified capacity for pressure relief valves should be decided accord- 
ing to the following information: 
(a) lb/hr of saturated steam at an overpressure of 10% or 3 psi (20 kPa), 
whichever is greater. 
(b) gal/min of water at 70°F (20°C) at an overpressure of 10% or 3 psi 
(20 kPa), whichever is greater for valves certified on water. 


Figure 11.8 ASME 
Code symbol for 
pressure relief valve. 
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FORM UV-1 MANUFACTURER’S OR ASSEMBLER’S CERTIFICATE OF CONFORMANCE FOR PRESSURE RELIEF VALVES 
As Required by the Provisions of the ASME Code Rules, Section VIII, Division 1 


1. Manufactured (or assembled) by @ 


2. Table of Code symbol stamped items: 


3. Remarks @ 


CERTIFICATE OF SHOP COMPLIANCE 


By the signature of the Certified Individual (Cl) noted above, we certify that the statements made in this report are correct and that all 
details for design, material, construction, and workmanship of the pressure relief devices conform with the requirements of Section VIII, 
Division 1 of the ASME Boiler and Pressure Vessel Code. 


UV Certificate of Authorization No. ® Expires _ ® | 


Date ® Signed C) Name Cc) 


(responsible representative) (Manufacturer or Assembler} 


Figure 11.9 Certificate of Conformance for Pressure Relief Valves. (From ASME Sec. 
VIII—Div. 1.) 


Figure 11.10 Rupture disk installed on a tank. 


248 


(pP)LET-ON Zuryse], UotjONporg 


QO)LET-9ON sulinjoejnuey jo uorjdedsuy 
(MLzgT-9N Snore (a Sere 
(8)LeET-9N sjusweiInbey [eotuBYypa|y 

eet-on UoT}BOYyAeg Ayoedeyg 

0€T-DON dueyg Joquidg epod 
(8)6ZT-9N suLyreyAl 
(0)L31-DN ysiq eanqdny jo uoreoryddy 
(q)L21-9N Ayroedey Sutaarey 
(®)L21-9N eolAa(] YStq] eanjdny 

ydeisered apod sjyuewermnbey 


S891A0q ¥SIG aunydny 404 
S8QUSIBJOY | ‘AIG—IIIA“99S SPOD AWSV Pll FIEGVL 


‘syusWetINbat apod 0} ULOJUOD 4OU Op YOIYM SUSISEp 
jo UOTJVOYIpow satnbes JO yoaler 04 AJLAOYJNe oY SsBYy sATJeYUSSeIdoI 
ay} ‘sutyse} Ajtoedeo 0} 10g “(G)LET-9Q pue (®)LET-9 Jo squeul 
-odInbed 8Y} YIM AJIWIIOJUOD IOJ USISAp oYyy Jde00e PUL MaTADI 0} AI 
-LOYINV oY} SVY UOI}VZIULSIO po}eUSISEp-YINGY UB WJ] sATWeJUSSoIdel VW 


sjuawasinbas ubisag: ss gE" LL 


VIL P98 L 
UL UDAIS 1B SJUBWaIINbeI YsSIp vinydni IO} Saouetejal Bpod YINSV 


‘LT AIG—TILA °2°S 8po”d AINSV jo seynsr oy} YIM soURpPsODNV UL paT[eysUt 
pur ‘patjtj.teo ‘pedureys ‘peqydedsut ‘peyon1jsuod ‘peusisep ore Systp ainydny 


SO9QUSISJ91 BPOD ZTE LL 


(Wq¥ 008) tsd OF 120A %CF 
(8q¥ 008) tsd OF 03. dQ (Wqy GT) isd ZF 


:9DUBI9[O} dInssoid Jsing 
"SMOT[OJ SB 
a1e8 S¥SIp o1njdnJ Jo soljstszejovseyo [euOoTyeIedQ WeInyoejnueuw sy} Aq 
peejuerens oq plnoys o1njyeredurey o1jloeds oy} 48 SedTAVp Ystp oanqdns 
IO} soUvIE[O} sInsseid 4sINq SUTPN OUI ‘sotjst1ojoVIeYyo SuIyesedo oy, 


sonsiapeseyo jeuoiyjeiodQ LE" LL 


‘ystp o1njdna oy} Jo sutuedo yuetoryyns 
UL J[NSOI [[LM PeT[eISUL ST JL YOIYM UO UIa4SAS 9} JO ASIOUS OLUIBUAp 94} 
pue adlAep ¥SIp oinydnJ ayy Jo USISep 9Y4 Jey] oANSse 0} poyenyedad AT[NJ 
-9189 3q P[NOYS sdIAJesS pInbt] 04 seotaep Yystp oanydna jo uoreorddy 


6rz SJ@SS8A BINSSO1dg JO} SADIANQ JaI|9y aunssaig 


250 Chapter Eleven 


11.3.4 Capacity certification 


For capacity certification of a rupture disk, the flow resistance Kp has 
to be determined. The certified flow resistance Kp of the rupture disk 
device should be either Kp = 2.4, or determined according to UG-131(k) 
through UG-131(r) rules as follows. 

Flow resistance certification tests for rupture disks for air or gas serv- 
ice, Keg, should be burst and flow tested with air or gas. Flow resistance 
tests for liquid service, Kp;, should be burst tested with water and flow 
tested with air or gas. At least one rupture disk for each size of each 
series should be burst with water and flow tested with air or gas to 
demonstrate the liquid service flow resistance. Flow resistance certifi- 
cation tests should be conducted at a rupture disk device inlet pressure 
which does not exceed 110% of the device set pressure. 

Flow resistance certification of rupture disk devices should be deter- 
mined by one of the following methods. 


One-size method. For each design, three rupture disks from the same 
lot should be individually burst and flow tested. The burst pressure 
should be the minimum of the rupture disk design of the size tested. The 
certified flow resistance Kp determined (see procedures below) should be 
applied only to the rupture disk design tested. 


Three-size method. The three-size method of flow resistance certifica- 
tion may be used for a rupture disk device design of three or more sizes. 
The burst pressure should be the minimum of the rupture disk design 
for each of the sizes tested. 

For each design, three rupture disks from the same lot should be 
burst and flow tested for each of three different sizes of the same design. 
The certified flow resistance Kp should be applied to all sizes and pres- 
sures of the design of the rupture disk tested. 

A certified flow resistance Ky may be established for a specific rup- 
ture disk design according to the following procedures: 


= For each design, the manufacturer submits for test the required disk 
with cross-section drawings showing the disk design. 


®# Tests are made on each rupture disk to determine burst pressure and 
flow resistance at an approved testing facility. 


= An average flow resistance is calculated using the individual flow 
resistances determined above. 


= All individual flow resistances should fall within the average flow 
resistances by an acceptance band of plus or minus three times the 
average of the absolute values of the derivations of the individual 
flow resistances from the average flow resistance. Any individual flow 
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used to establish a smooth curve of burst pressure versus temperature 
for the lot of disks. The value of the marked burst pressure is derived 
from the curve for a specified temperature. 


® For prebulged solid metal disks or graphite disks, at least four sam- 
ples using one size of disk from each lot of material should be burst 
at four different temperatures distributed over the application range. 
These data are used to establish a smooth curve of percent change of 
burst pressure versus temperature for the lot of material. 


= At least two disks from each lot of disks, constructed from this lot of 
material and of the same size as that to be used, should be burst at 
the ambient temperature to establish room-temperature rating of the 
lot of disks. 


11.3.6 Inspection and certification 


A manufacturer is required to demonstrate to the satisfaction of a rep- 
resentative of an ASME-designated organization that its manufacturing, 
production, testing facilities, and quality control procedures of rupture 
disks ensure close agreement between the performance of production 
samples and performance of those submitted for capacity certification. 


Inspection. An ASME designee is authorized to inspect manufactur- 
ing, assembly, inspection, and test operations at any time. A manufac- 
turer is granted permission by the ASME to use the Code symbol UD 
on rupture disks in accordance with Par. UG-131. This permission 
expires on the fifth anniversary of the date it was initially granted by 
the ASME. The permission may be extended for another 5-year period 
if the following tests are successfully performed within the 6-month 
period before expiration: 


® Two production samples of rupture disks of a size and capacity within 
the capability of an ASME-approved laboratory are selected by a rep- 
resentative of an ASME-designated organization. 


# Burst and flow testing are conducted in the presence of a represen- 
tative of an ASME-designated organization at an approved testing 
facility. The disk manufacturer should be notified of the time of the 
test and may have representatives present to witness the test. 


= If any rupture disk fails to meet the performance requirements (burst 
pressure, minimum net flow area, and flow resistance), the test should 
be repeated at the rate of two replacement disks, selected and tested 
in accordance with above steps. 


= If any rupture disk fails to meet the performance requirements, that 
disk will be cause for revocation within 60 days of the authorization to 
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254 Chapter Eleven 


It is required that items 1, 2, and 5 above and flow direction also be 
marked on the rupture disk holder. 


Certification. Hach rupture disk to which Code symbol UD will be 
applied must be fabricated or assembled by a manufacturer or assem- 
bler holding a valid Certificate of Authorization from the ASME. A 
Certified Individual (CI) is required to provide oversight as required by 
Par. UG-117(a) of Sec. VIII, Division 1. 

The data for each use of the Code symbol must be documented on 
Form UD-1, Manufacturer’s or Assembler’s Certificate of Conformance 
for Rupture Disk Devices (Fig. 11.12). 


FORM UD-1 MANUFACTURER'S CERTIFICATE OF CONFORMANCE FOR RUPTURE DISK DEVICES 
As Required by the Provisions of the ASME Code Rules, Section Vill, Division 1 


1. Manufactured by @ 


2. Table of Code symbol stamped items: 


in. | Certified 
Flow 
Date 
Coefficient |} Code ane eae 


CIOS IGlO SL ele oe el eT 6 
TAN Ee (Ss Vel Bac a enone (SES 


3. Remarks ®@ 


CERTIFICATE OF SHOP COMPLIANCE 


By the signature of the Certified Individual (Cl) noted above, we certify that the statements made in this report are correct and that all 
details for design, material, construction, and workmanship of the rupture disk devices conform with the requirements of Section VIII, 
Division 1 of the ASME Boiler and Pressure Vessel Code. 


UD Certificate of Authorization Noe Expires _ ® 


Date _ @ Signed a See Name C) 


(responsible representative) (Manufacturer) 


Figure 11.12 Certificate of Conformance for Rupture Disk Devices. (From ASME Sec. 
VITI—Div. 1.) 
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256 Chapter Twelve 


Figure 12.1. Symbol for nuclear systems. 


Section III, Division 3—Containment Systems for Storage and 
Transport Packagings of Spent Nuclear Fuel and High Level 
Radioactive Material and Waste 


Nuclear systems (the nuclear symbol is shown in Fig. 12.1) are pro- 
tected from the consequences arising from the applications of conditions 
of pressure and coincident temperature that would cause either the 
design pressure or the service limits specified in the design specifica- 
tion to be exceeded. Pressure relief devices are used when the operat- 
ing conditions considered in the Overpressure Protection Report would 
cause the service limits specified in the design specification to be 
exceeded. 

The overpressure protection of nuclear systems must meet the 
requirements of Art. NB-7000 of ASME Code Sec. II, Division I, 
Subsec. NB. 


12.1 Nuclear Reactors 


A nuclear reactor—the heart of a nuclear steam supply system, which 
encompasses all components related to the use of nuclear fission as the 
energy source—is designed to achieve a self-sustained chain reaction 
with a combination of fissile, fertile, and other materials. Six major 
reactor types are used throughout the world: 
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Reactor building 
(secondary containment) 


Inerted drywell 
(primary containment) 


Main steam lines Turbine generators 


Reactor 


Figure 12.2 Boiling-water reactor system. 


This advanced safety valve operates on the principle of pressurization. 
Fluid or steam flow in the pilot control area is limited and velocity 1s con- 
trolled to prevent erosion and leakage. The closing force acting above the 
main disk is produced by the system and is a minimum of twice the force 
acting below the disk until lift set point is fully reached. This principle of 


Figure 12.3. Main steam safety 
valves on a BWR. 
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ee. _ Figure 12.5 Reheater safety valve. 
angen (Courtesy CCI Nuclear Valve, 
Switzerland.) 


The PWR has three separate cooling systems, but only one of them, 
the reactor cooling system, is expected to have radioactivity. The reactor 
cooling system inside the containment (Fig. 12.6) consists of two, three, 
or four cooling “loops” connected to the reactor, each containing a reactor 
coolant pump, and a steam generator. The reactor heats water, which 


Containment structure Steam line 


Control rods 
Generator 


Reactor 
vessel 


Figure 12.6 Pressurized-water reactor system. 
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Figure 12.8 Pressurizer overpressure protection 
safety relief valve. (Courtesy CCI Nuclear Valve, 
Switzerland.) 


In normal operation, the main valve and pilot valves are closed and 
the whole inner space of the SV is connected to the rehef tank. The 
stem is forced into the valve seat by the system pressure in the inlet 
nozzle. To open the SV, the upper piston chamber is charged with system 
medium by one of the pilot valves attached to the main valve. 

The main valves and pilot valves are designed and qualified to oper- 
ate with hydrogen, saturated steam, and saturated water, subcooled 
water as well as during phase transitions. The design features of the 
safety valves are as follows: 


® High opening and closing reliability due to very high force reserves. 


High tightness because pressure 1n pressurizer acts in closing direction. 


Lower steam guide shields the stem head from pressure peaks when 
opening and provides damping. 


Compression spring for keeping closed when primary loop is pres- 
sureless. The spring is not required for closing during operation. 


No penetrations through the pressure boundary; completely tight to 
the outside. 
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12.2. Overpressure Protection Reports 


Par. NB-7111 of Sec. ITI — Div. 1 defines overpressure as “that pressure 
which exceeds the Design Pressure and is caused by increase 1n system 
fluid pressure resulting from thermal imbalances, excess pump flow, and 
other similar phenomena capable of causing a system pressure increase 
of a sufficient duration to be compatible with the dynamic response 
characteristics of the pressure relief devices.” 

An Overpressure Protection Report (OPR) is a report on the protected 
systems and integrated overpressure provided. The owner or his designee 
prepares the Overpressure Protection Report I. In accordance with 
Par. NB-7120, overpressure protection of the components must be provided 
by any one of the following as an integrated overpressure protection: 


1. The use of pressure relief devices and associated pressure sensing 
elements 


2. The use of reactor shutdown system 


3. A design without pressure relief devices that does not exceed the 
service limits specified in the design specification 


12.2.1 Content of report 


The Overpressure Protection Report should clearly define the protected 
systems and integrated overpressure protection. The report should 
including the following as a minimum: 


1. Identification of ASME Nuclear Code Section, Edition, Addenda, and 
Code Cases used in the design of the overpressure protection system. 


2. Drawings indicating arrangement of protected system including the 
pressure relief devices 


3. The operating conditions, including discharge piping back pressure 


4. An analysis of the conditions that give rise to the maximum pressure- 
relieving requirements 


5. The relief capacity required to prevent a pressure rise in any nuclear 
component from exceeding by the design pressure more than 10% 


6. The operating controls and safety controls of the protected system 


7. The redundancy and independence of the pressure relief devices to 
preclude a loss of overpressure protection in the event of a failure 
of any pressure relief device, sensing elements, associated controls, 
or external power sources 


8. The extent to which a component can be isolated from the overall 
system and analysis of the conditions under which additional indi- 
vidual overpressure protection is required 
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FORM A-3 OVERPRESSURE PROTECTION REPORT (DIV. 1 AND 2) 


CERTIFICATION 


I, the undersigned, being a Registered Professional Engineer competent in the applicable field 
of design and overpressure protection requirements, do hereby certify that to the best of my 
knowledge and belief the Overpressure Protection Report complies with the requirements of 
the ASME Boiler and Pressure Vessel Code, Section II, Division ________ , _______ Edition 
with Addenda up to and including __-___— 


Overpressure Protection Report and Revision: 


Design Specification and Revision: 


Certified by P.E. 


Registration No. _____________ State* z 


Date __ 


* or Province of Canada 
Figure 12.10 Overpressure Protection Report. (From ASME Sec. IIT, Div. I.) 


12.2.4 Filing of report 


A copy of the OPR is required to be submitted at the nuclear power 
plant site prior to the Inspector signing the Owner’s Data Report. The 
report should also be made available to: 


# The Authorized Inspector 


® The regulatory and enforcement authority having jurisdiction at the 
nuclear plant site 


12.3 Code Requirements 


Pressure relief devices for nuclear components are designed, constructed, 
inspected, stamped, certified, and installed in accordance with the pro- 
visions of Sec. III — Div. 1, and Sec. II] — Subsec. NCA and Div. 2. ASME 
Code requirements and corresponding Code references for nuclear pres- 
sure relief devices are listed in Table 12.1. 
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12.6 Capacity Certification for Pressure 


Relief Valves 


The capacity certification procedures for pressure relief valves are cov- 
ered in Pars. NB-7730 through NB-7748. These paragraphs prescribe 
detailed capacity certification requirements for pressure relief valves for 
both compressible and incompressible fluids. A Capacity Certification 


is shown in Fig. 12.11. 


12.7 Marking, Stamping, and Data Reports 


Each pressure relief device constructed within the scope of ASME 
Sec. II] must be constructed by a manufacturer possessing a Code 
symbol stamp and a valid Certificate of Authorization from the ASME. 


DRESSER INDUSTRIES INC. (DAL) Alexandria, Louisiana 


VALVE SERIES OR CAT. NO. - 1970 LS & DL 150 psi 

NB Capacity Certification Number - M18335 

CAPACITY TESTS - Sec. II! at Dresser on May 25, 1988 

METHOD OF ESTABLISHING RELIEVING CAPACITY - Single 
Valve Method (Nozzle) 

TEST MEDIUM - Water 

CERTIFIED MEDIUMS - Liquids 

Set Pressure Definition - First Steady Stream 


Minimum Lift 0.260 in. 
Flow Area 0.5216 sq. in 


Inlet Size 1-1/2 in. 
Orifice Dia. 0.815 in. 


Set Sec Ill 
Pressure GPM 
PSIG | Water 
= WF : 


“450 


VALVE SERIES OR CAT. NO. - 1975 

NB Capacity Certification Number - M18504 

CAPACITY TESTS - Sec. Vill at Dresser on April 5, 1956 

METHOD OF ESTABLISHING RELIEVING CAPACITY - K = 
866(.9) = 779 

TEST MEDIUM - Steam 

CERTIFIED MEDIUMS - Steam, Air & Gas 

Set Pressure Definition - Pop 

Blowdown - Fixed 


Inlet Size 1/2, 3/4 & 1 in Minimum Lift 0.105 in. 
Bore Dia. 0.375 in Bore Area 0.110 sa. in. 


Set Sec. Vill 
Pressure i #/Hr 
PSIG Steam 

15 ar eT 7; 

_ 30 ; : 234 
800 i. 3950 

~~ 1500 . ae 7382 

2000 = 7 10206 _ 


VALVE SERIES OR CAT. NO. - 1975 LS & DL 150 psi 

NB Capacity Certification Number - M18346 

CAPACITY TEST - Sec. Iil at Dresser on May 25, 1988 

METHOD OF ESTABLISHING RELIEVING CAPACITY - Single 
Valve Method (Nozzle) 

TEST MEDIUM - Water 

CERTIFIED MEDIUMS - Liquids 

Set Pressure Definition - First Steady Stream 


Minumum Lift .118 in. 
Flow Area 0.110 sq. in. 


Inlet Size 1/2, 3/4, 1 in 
Orifice Dia. 0.375 in. 


Set Sec. Ill 
Pressure GPM 
PSIG H Water 
150 : 32.57 


Figure 12.11 


VALVE SERIES OR CAT. NO. - 1975 LS & DL 215 psi 

NB Capacity Certification Number - M18357 

CAPACITY TEST - Sec. III at National Board on February 20, 1985 

METHOD OF ESTABLISHING RELIEVING CAPACITY - Single 
Valve Method (Nozzle) 

TEST MEDIUM - Water 

CERTIFIED MEDIUMS - Liquids 

Set Pressure Definition - First Steady Stream 


Minumum Lift .118 in 
Flow Area 0.110 sq. in. 


Intet Size 1/2, 3/4, 1 in 
Orifice Dia. 0.375 in. 


Set Sec. tll 
Pressure { GPM 
PSIG | Water 
— 215. ~~ , 44.0 


VALVE SERIES OR CAT. NO. - 1975 LS & DL 225 psi 

NB Capacity Certification Number - M18368 

CAPACITY TEST - Sec. II! at National Board on February 20, 1985 

METHOD OF ESTABLISHING RELIEVING CAPACITY - Single 
Valve Method (Nozzle) 

TEST MEDIUM - Water 

CERTIFIED MEDIUMS - Liquids 

Set Pressure Definition - First Steady Stream 


Minumum Lift .118 in, 
Flow Area 0.110 sq. in. 


Intet Size 1/2, 3/4, 1 in. 
Orifice Dia. 0.375 in. 


Set | Sec. Il 
Pressure GPM 
PSIG Water 
aie 225 | 459 
= = 


VALVE SERIES OR CAT. NO. - 1975-4 LS & OL 

NB Capacity Certification Number - M18560 

CAPACITY TESTS - Sec. il at Dresser on March 21, 1989 

METHOD OF ESTABLISHING RELIEVING CAPACITY - Slope 
3.151 (3.501 x .9) 

TEST MEDIUM - Water 

CERTIFIED MEDIUMS - Liquids 

Set Pressure Definition - First Steady Stream 


Iniet Size 1/2, 3/4, 1 in. 
Orifice Dia. 0.375 in. 


Minimum Lift 0.200 in. 
Flow Area 0.110 sq. in. 


Set Sec. Ill 
Pressure GPM 
PSIG Water 


Capacity Certification for a nuclear PRV. (Courtesy National Board.) 
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1. Manufacturer’s design or type number 

2. Lot number 

3. Size NPS (DN) 

4. Stamped burst pressure psi (kPa) 

5. Specified disk temperature oF CC) 

6. Capacity ____ lb/hr (kg/h) of saturated steam or scfm of air at 60°F 
(15°C) and 14.7 psia/min (101 kPa/min) 

7. Year built 

Disk holders. Rupture disk holders should be marked with the follow- 

ing data: 

1. The name or identifying trademark of the manufacturer 

2. Manufacturer’s design or type number 

3. Size NPS (DN) 

4. Year built 


Serial number 
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272 Chapter Thirteen 


Regulations, Title 49, Parts 100 through 185—Transportation, regu- 
lates transportation of dangerous goods. 


13.1. Classes of Vessels 


Vessel classes are determined by the hazard class of the dangerous 
goods, pressure, and mode of transport, as required by the Competent 
Authority. According to the Code of Federal Regulations, Title 49, Part 173, 
there are nine classes of hazardous materials. For the purpose of obtain- 
ing a Certificate of Authorization from the ASME, vessels that meet the 
requirements of ASME Sec. XII are applicable to the following three 
classes of vessels: 


Class 1 Vessel. This vessel is used for explosive substances. 
Explosives in Class 1 are divided into six divisions as follows: 


1.1. Explosives that pose a mass explosion hazard 

1.2. Explosives that pose a projection hazard but not a mass explo- 
sion hazard 

1.3. Explosives that pose a fire hazard and either a minor blast hazard 
or a minor projection hazard or both, but not a mass explosion 
hazard 

1.4. Explosives that present a minor explosion hazard 

1.5. Explosives that are very insensitive 

1.6. Explosives that are extremely insensitive articles and that do not 
pose a mass explosive hazard 

Class 2 Vessel. This vessel is used for flammable gas, nonflamma- 

ble compressed gas, and poisonous gas. Gases in Class 2 are divided 

into thee divisions as follows: 

2.1. Flammable gas 

2.2. Nonflammable, nonpoisonous compressed gas. including com- 
pressed gas, liquefied gas, pressurized cryogenic gas, compressed 
gas in solution, asphyxiant gas, and oxidizing gas 

2.3. Poisonous gas 

A trailer tank for transporting liquid natural gas is shown in Fig. 13.1, 

and a flow schematic for such a tank is shown in Fig. 13.2. 


Class 3 Vessel. This vessel is used for flammable liquid and com- 
bustible liquid. A trailer tank for multiservice transportation of liquid 
nitrogen and oxygen is shown in Fig. 13.3. 


13.2 Pressure Relief Devices 


All transportation tanks, regardless of size and pressure, should be pro- 
vided with a spring-loaded pressure relief device(s) for protection against 
overpressure. The owner is responsible for proper installation of pressure 
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Large-Capacity. Structural 
Lightweight Inner Vessel Support Rings Outer Vessel 
Vacuum / Cryolite Insulation System | — Internal Baffles Dura-Block Support System 
cr Top Fill Spray Header 
4 .«_« 
9 ‘~~ ; 
nm aS 
& 
& | 
Fe y Be ns 4 


1 —-prsciine-Biititng Vaporizer | Attachment Reinforcement Pads 


Full-Access _| L Stainless Steel or Aluminum Liquid Off-Loading 
Aluminum Cabinet Rear Shell Course / Rear Head (Engine, Hydraulic or Electric) 


Figure 13.3. A trailer tank tor transporting oxygen. (Courtesy Chart-Ferox, Germany.) 


relief device(s). It is not necessary for the tank manufacturer to supply 
such pressure relief device(s). 

Regulatory authorities such as the federal government may specify 
operating characteristics such as set points, capacity requirements, etc., 
of pressure relief devices used for various applications. In case of con- 
flict between regulatory requirements and ASME Code requirements, 
the regulatory provisions govern. 

A secondary relief device may be installed if specified by the applica- 
ble section of the Code. 

Pressure relief devices manufactured under ASME Code Sec. XII 
should be marked with Code symbol TV or TD. As an alternative, 
devices stamped UV or UD under Sec. VIII, Division 1, may be used if 
the devices meet the additional requirements of Sec. XII. 


13.2.1. Determining pressure relief 
requirements 


Transport tanks should not be subjected to pressure exceeding the max- 
imum pressure allowed in the applicable Modal Appendix of ASME 
Sec. XII. Calculation of pressure-relief capacity requirement should con- 
sider fire engulfment and comply with the requirements of the regula- 
tory authority. 

Generally the required relief capacity is calculated based on the unin- 
sulated surface area of the tank. Required capacity for liquefied com- 
pressed gases and compressed gases is calculated for specific gas in a 
specific tank. 
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all pressure relief devices located at or near the top center of the tank. 
All piping between the pressure relief device and the vapor space of the 
tank should be not less than the size of the pressure relief device inlet. 
If two or more pressure relief devices are connected to a single opening, 
the internal cross-sectional area of the opening should be not less than 
the combined inlet areas of the pressure relief devices connected to it. 

Stop valves should not be used on the inlet or outlet side of a pressure 
relief device. The size of the discharge lines should be designed in such 
a manner that any pressure that exists or develops will not reduce the 
relieving capacity of the pressure relief devices. The installation con- 
figuration should not allow accumulation of rain water or debris into 
outlet openings. 


13.3. Requirements for Pressure 
Relief Valves 


Pressure relief valves used for transport tanks should be of the direct- 
acting, spring-loaded type. The spring of the valve should not be set for 
pressures greater than 5% above or below the set pressure marked on 
the valve. 

The set pressure tolerances of pressure relief valves should not exceed 
+14 kPa (2 psi) for pressures up to and including 483 kPa (70 psi) and 
+3% of set pressure for pressures above 483 kPa (70 psi). 


13.3.1 Types of pressure relief valves 


Pressure relief valves certified for service in unfired pressure vessels per 
ASME Code Sec. VIII, Division 1, may be used in a transport tank if the 
manufacturer or user of the tank finds it suitable for the intended serv- 
ice application. 

Generally, two types of pressure relief valves, internal style and exter- 
nal style, are used in transport tank applications. 


Internal style. The internal style of pressure relief valve is spring loaded, 
but it is installed in such a way that most of the body of the valve is 
inside the tank (Figs. 13.4 and 13.5). The pressure relief valve is actu- 
ated by overpressure in the tank car. There are no provisions for manual 
activation of the valve. 

To avoid exposure to toxic or hazardous materials, make sure that the 
tank car is empty and clean, and that the work area is free of hazardous 
chemicals, before removing or installing any pressure relief valve. 


External style. The external style of pressure relief valve is spring 
loaded, but it is installed in such a way that most of the body of the valve 
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Figure 13.5 Components of an internal-style pressure relief valve. 


The permanent set of the spring should not exceed 0.5% of the free 
height. The permanent set of the spring is defined as the difference 
between the free height and height measured solid three times after pre- 
setting at room temperature. 

The design of pressure relief valves with external adjustment points 
should provide a means for sealing adjustments. The seals should be 
installed in a manner that precludes altering the settings without break- 
ing the seal. The manufacturer or the assembler is responsible for 
attaching the seals after initial adjustments. Valves without external 
adjustments must be designed to allow disassembly for cleaning of pres- 
sure areas and reassembly without altering operational settings. 
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Figure 13.7. Components of an external-style pressure relief valve. 


Valve bodies, bonnets, yokes, and bolting should be made of mate- 
rials acceptable under ASME Sec. XII, or controlled by the manufac- 
turer by a specification ensuring control of chemical and physical 
properties and quality at least equivalent to ASME standards. Materials 
subjected to operating or environmental temperature below —29°C 
(-20°F) should be selected to provide adequate toughness against 
brittle fracture. 


13.3.4 Manufacturing 


A manufacturer is required to demonstrate to the satisfaction of a rep- 
resentative from an ASME-designated organization that manufacturing, 
production, testing facilities, and quality control procedures ensure 
close agreement between the performance of production samples and 
valves submitted for capacity certification testing. 

A representative from an ASME-designated organization can inspect 
manufacturing, assembly, inspection, and test operations, including 
capacity tests, at any time. 
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Figure 13.8 ASME 
Code symbol for 
pressure relief 
valve for transport 
tank. 


13.3.6 Production testing 


The manufacturer is responsible for production testing such as set pres- 
sure tests and leakage tests before applying the Code symbol TV stamp 
on pressure relief valves. The manufacturer must have a documented 
program for the application, calibration, and maintenance of gauges 
and instruments used during these tests. 

The manufacturer must perform the following tests for each pres- 
sure relief valve to be Code stamped: 


= Set pressure test—Kach pressure relief valve should be tested after 
setting, to demonstrate its set pressure. 


=® Seat tightness test—Each pressure relief valve should be tested for 
seat tightness after successful completion of the set pressure test. 
The seat tightness test is done in accordance with API 527. 


13.4 Requirements for Rupture Disks 


Arupture disk device is a nonreclosing pressure relief device. The pressure- 
containing element is a rupture disk, which is tested in the factory by the 
manufacturer. It is actuated by a pressure buildup inside the tank, due 
either to substantial heat input into the tank or pressure spikes generated 
by surging liquid in the tank. Arupture disk device used in transport tank 
application is shown in Figs. 13.9 and 18.10. 

The burst pressure at the specified disk temperature should not 
exceed the marked burst pressure by more than +14 kPa (2 psi) for 
marked burst pressures up to and including 280 kPa (40 psi), or by 
more than +5% for marked burst pressures above 276 kPa (40 psi) unless 
other requirements are identified by the regulating authority. 

It is advisable for all personnel to stay away from the rupture disk 
device, unless inspection and maintenance has to be performed on it. 
Exercise extreme caution when inspecting the rupture disk device and/or 
its disk if there is any pressure in the tank. 
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should be designed to allow normal installation without damaging the 
rupture disk. 


13.4.2 Materials requirements 


The rupture disk material is not required to conform to a specification 
of ASME Sec. II. The manufacturer may control the disk material by a 
specification ensuring suitability for the service conditions. 

Materials for the construction of rupture disk holders should be listed 
in ASME Code Secs. II and XII. Carbon- and low-alloy steel holders and 
bolting for service colder than —29°C (—20°F) should be selected for ade- 
quate toughness. Materials used in other parts of the disk holder should 
be one of the following: 


# listed in ASME Sec. II 
® Listed in ASTM Specifications 


=# Controlled by the manufacturer of the rupture disk by a specification 
ensuring consistent chemical and physical properties equivalent to an 
ASTM Specification 


13.4.3. Manufacturing 


A manufacturer is required to demonstrate to the satisfaction of a rep- 
resentative from an ASME-designated organization that manufacturing, 
production, testing facilities, and quality control procedures ensure 
close agreement between the performance of production samples and 
valves submitted for capacity certification testing. 

A representative from an ASME-designated organization can inspect 
manufacturing, assembly, inspection, and test operations, including 
capacity tests, at any time. 

If approved by the ASME, a manufacturer is granted permission to 
apply the Code symbol TD to production rupture disks. This permission 
expires on the fifth anniversary of the date it is initial granted. The per- 
mission may be extended for 5-year periods, provided the following tests 
are successfully repeated within the 6-month period before expiration: 


=" Two sample production rupture disk devices, of a size and capacity 
within the capability of an ASME-approved laboratory, should be 
selected by a representative from an ASME-designated organization. 


# Burst and flow testing should be performed in the presence of a rep- 
resentative from an ASME-designated organization at an ASME- 
approved laboratory. The manufacturer should be notified of the time 
of the test and may have representatives present to witness the test. 


= If any disk fails to relieve at or above its certified capacity or fails to 
meet performance criteria, the test should be repeated at the rate of 
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13.4.5 Production testing 


The manufacturer is responsible for production testing such as pressure 
tests. set pressure tests, and leakage tests before applying the Code 
symbol TD to rupture disks. The manufacturer must have a documented 
program for the application, calibration, and maintenance of gauges 
and instruments used during these tests. 

The manufacturer must perform the following tests for rupture disks 
to be Code stamped: 


# Pressure test—The pressure parts of each rupture disk holder exceed- 
ing DN 25 (NPS 1) inlet size or 2 070 kPa (300 psi) design pressure 
where materials are either cast or welded should be tested at a pres- 
sure of 1.3 times the design pressure. The result of the test should 
show no sign of leakage. 


= Burst test—Each lot of rupture disks should be tested for bursting. A 
lot of rupture disk means the quantity of disks manufactured of a 
given material specification at the same time, of the same size, thick- 
ness type, heat, heat-treatment condition, and manufacturing process. 
The manufacturer is responsible for conducting the following tests: At 
least two sample rupture disks from each lot should be burst at the 
specific disk temperature. The burst pressure should be within the 
burst pressure tolerance specified by TR-300(b). 


13.4.6 Installation requirements 


A rupture disk may be either installed as the sole pressure-relieving 
device on the vessel or installed between a pressure relief valve and the 
tank. A rupture disk should not be installed on the discharge side of a 
pressure relief valve. 

The following criteria should be met if a rupture disk is installed 
between a pressure relief valve and a tank: 


#® The combined flow capacity of the spring-loaded pressure relief valve 
and the rupture disk should be sufficient to meet the requirements of 
Art. TR-1 of the Modal Appendices. 


# The marked capacity of a pressure relief valve when installed with a 
rupture disk should be multiplied by a factor of 0.90 of the rated 
relieving capacity of the valve alone. 


= The space between a rupture disk device and a pressure relief valve 
should be provided with a pressure gauge, try cock, free vent, or other 
suitable telltale indicator. This will permit detection of disk rupture 
or leakage at pressures lower than the set point of the valve. 
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Part I—Sizing and Selection 
Part Il—Installation 
RP 521: Guide for Pressure-Relieving and Depressuring Systems 
Std 526: Flanged Steel Pressure Relief Valves 
Std 527: Seat Tightness of Pressure Relief Valves 
RP 576: Inspection of Pressure Relieving Devices 
Std 620: Design and Construction of Large, Welded, Low-Pressure 
Storage Tanks 
Std 650: Welded Steel Tanks for Oil Storage 
Std 2000: Venting Atmospheric and Low-Pressure Storage Tanks 
Bull. 2521: Use of Pressure-Vacuum Vent Valves for Atmospheric 
Pressure Tanks to Reduce Evaporation Loss 


14.1. Refining Operations 


Refining is the process of converting one complex mixture of hydrocar- 
bons into a number of complex mixtures of hydrocarbons. A petroleum 
refining process is shown in Fig. 14.1. Petroleum refining begins with 
the distillation, or fraction, of crude oils (Fig. 14.2) into separate hydro- 
carbon groups. 


Petroleum refining processes and operations can be separated into six 


basic areas: 


Ou 


Fractionation (distillation)—separation of crude oil in atmospheric 
and vacuum towers into groups of hydrocarbon compounds 


. Conversion—processes for changing the size and/or structure of 


hydrocarbon molecules 


. Treatment—processes for preparing hydrocarbon streams for addi- 


tional processes to prepare finished products 


. Formulating and blending—processes of mixing and combining 


hydrocarbon fractional additives and other components to produce fin- 
ished products 


Other refining operations—including light-ends recovery, sour-water 
stripping, solid waste water treatment, process water treatment, 
cooling, storage (Fig. 14.3) and handling, hydrogen production, acid 
and tail gas treatment, and sulfur recovery 


. Auxiliary operations and facilities—including steam and power gen- 


eration, process and fire water systems, flares and relief systems, fur- 
naces and heaters, pumps and valves, supply of nitrogen and other 
plant gases, etc. 
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aa oe s ° Ez Sac masen 


Figure 14.3 Refinery tank. (Courtesy Saudi Aramco.) 


14.2 Protection of Petroleum Equipment 


Pressure-relieving devices are used to protect equipment in the oil and 
petrochemical industries. Most common automatic devices, such as pres- 
sure relief valves, pilot-operated pressure relief valves, and rupture 
disks, are fitted on various types of pressure vessels installed in petro- 
leum industries. Pressure relief valves or rupture disks may be used 
independently or in combination with each other to provide required pro- 
tection against excessive pressure accumulation in vessels. 

Figure 14.4 shows a pressure relief valve used on a refinery vessel. 
The term pressure relief valve includes safety relief valves used in either 
compressible or incompressible fluid service, and relief valves used in 
incompressible fluid service. 

Figure 14.5 shows a rupture disk installed on a refinery vessel. A 
rupture disk 1s a nonreclosing pressure relief device actuated by the 
static differential pressure between the inlet and outlet of the device and 
designed to function by the bursting of a rupture disk. 


14.3. Protection of Tanks 


Refinery tanks require special protection from either positive or vacuum 
overpressure, as shown in Fig. 14.6. A pressure vacuum relief valve pro- 
vides protection against positive or vacuum overpressure, prevents air 
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= Vaccum relief 


Figure 14.6 Refinery tank protection. (Courtesy Enardo, Inc.) 


air intake and evaporative loss of product, and help contain odorous and 
potentially hazardous vapors. 

A vacuum relief valve may be used separately on a tank for vent—from- 
atmosphere applications. Utilizing the latest technology, this vacuum 
relief valve provides protection against vacuum over pressure, prevents 
evaporative loss of product, and helps contain odorous and potentially 
hazardous vapors. 


14.4 Fire Sizing 


A pressure vessel or pressure-containing equipment should be fire sized 
in case the vessel is exposed to fire, even if the contents of the vessel are 
not flammable. A fire may occur due to leakage of flammable material from 
equipment and pipelines, or may be caused due to misoperation. 

If a fire occurs accidentally, the burning material immediately spreads 
to adjacent vessels and equipment. In case of an open fire around the 
vessel, heat is absorbed by anything coming in contact with the flames 
or hot gases of the fire. If this heat absorption in a vessel continues for 
a long time, the vessel contents become heated and pressure rises until 
the pressure relief valve opens. 

Given these fire hazards, it is necessary to consider the probability of 
fire exposure when sizing pressure relief valves. 
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TABLE 14.1. F Environmental Factors for Fire Sizing 
for Liquid Hydrocarbons 


Type of vessel F factor 

Bare vessel 1.0 
Insulated vessel: 

4 0.38 

a 0.15 

1 0.075 

0.67 0.05 

0.50 0.03876 

0.4 0.08 

0.33 0.026 

Water application facilities, on bare vessel 1.0 

Depressuring and empty facilities 1.0 


Step 1. Determine the total wetted surface area using the following 
formula: 


Total wetted surface area (A) = F,,, x total vessel surface area 


where F’,,, is the wetted perimeter factor. The total surface area A for 


various vessel shapes is given below. 


Sphere A=nD" 

Vertical cylinder with flat ends A= DL + Sats 
Vertical cylinder with elliptical ends A=n(DL+2.61)D° 
Vertical cylinder with hemispherical ends A=n(DL + D’) 
Horizontal cylinder with flat ends A=2(DL + D’/2) 
Horizontal cylinder with elliptical ends A= mDL + 2.61)D” 


Horizontal cylinder with hemispherical ends A=nmDL + D’) 


It is recommended that the total wetted surface area A be at least 
the wetted surface included within a height of 25 ft above ground 
level, or in the case of spheres, at least the elevation of the maximum 
horizontal diameter or a height of 25 ft, whichever is greater. 


Step 2. Determine heat absorption using the following formulas: 
(a) When prompt fire-fighting efforts and adequate drainage exist: 


Q = 21,000F(A)”™ 


where Q = total heat absorption into the wetted surface in BTU/hr 
F = environmental factor (Table 14.1) 
A = total wetted surface area in ft” 
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1.0 


0.6 


2 
NK 


Wetted perimeter factor Fwp 


0.0 =p == a a 
0% 20% 40% 60% 80% 100% 


Volume of liquid (% of tank volume) 


Bc cal A 
&% fs a a 
“q peri” 
r aa 
Wetted 
“> surface 
ee IEEE, Oe area 


NLL 


ig 


(a) Horizontal tank (b) Vertical tank 


Figure 14.7. Hydrocarbon tanks. (Courtesy Dresser Flow Control.) 


Select the total surface area A formula for a horizontal cylinder with ellipti- 
cal ends. 


A= Fypx [(DL + 2.61D)| 


2g 


A= 0.67 x (7x6 *12+2.61x6x6)=2145f" 
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C = coefficient determined by the ratio of specific heat of flue 
gas and standard conditions. 

Ff’, = minimum recommended value is 0.01. When the minimum 
value is unknown, F’, = 0.045 should be used. F, can be 
determined using the following formula: 


Fz 0.1406 . (7 = iy? 
CK, (T, ae 

T,,, = vessel wall temperature, °R. The API recommended 
maximum wall temperature is 1100°F for carbon steel 
vessels. 

Kp = effective coefficient of discharge 

T, = gas temperature at the upstream pressure, °R, can be 
determined using the following formula: 


where P, = flow pressure, psia = (P x 1.21) + 14.7 
P,, = nominal operating pressure, psia 
T, = normal operating temperature absolute, °R 
T, = relieving temperature = 7; — 460 


I] 


Example 14.2: Gas Sizing—Fire Determine the orifice size for a pressure 
relief valve for fire sizing a vessel containing isobutene vapor, with the fol- 
lowing information provided. 


Vessel information 


Tank size 5 ft diameter x 12 ft long seam to seam, flat ends 
Mounting Horizontal and 2 in above grade 

Fluid Isobutane vapor 

K (for isobutane) 1.094 

¢ 327 

Operating pressure 110 psi 

Set pressure 150 psig 


Operating temperature 160°F 
Relieving temperature Not known 
a. 1025°F 
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Step 5. Now calculate orifice area. 


a. es 
nie 


_ 0.012 227.8 


A ed 
196.2 


A= 0.1952 in 


14.5 Seat Tightness Test 


The manufacturer is required to test tightness of metal and soft seated 
pressure relief valves, including those of conventional, bellows, and 
pilot operating designs. API RP 527, Seat Tightness of Pressure Relief 
Valves, describes methods for determining seat tightness. 

The maximum allowable leakage rates are defined for pressure 
relief valves with set pressures from 15 psig (108 kPag) to 6000 psig 
(41,379 kPag). The test medium for determining the seat tightness—a1r, 
steam, or water—should be the same as that used for determining the 
set pressure of the valve. For dual-service valves, the test medium—air, 
steam, or water—should be the same as the primary relieving medium. 

Persons who are experienced in the use and functions of pressure 
relief valves should perform the procedures outlined in this standard. 


14.5.1 Testing with air 


Test apparatus. A test arrangement for determining seat tightness with 
air is shown in Fig. 14.8. 

Leakage should be measured using a tube with an outside diameter 
of 5/16 in (7.9 mm) and a wall thickness of 0.035 in (0.89 mm). The tube 
end should be cut square and smooth. The tube opening should be '/y in. 
(12.7 mm) below the surface of the water. The tube should be perpen- 
dicular to the surface of the water. 

Arrangement should be made to safely relieve or contain body pres- 
sure in case the valve pops accidentally (Fig. 14.9). 


Test procedure 


Test medium—The test medium should be air or nitrogen at close to 
ambient temperature. 


Test configuration—-The valve should be mounted vertically on the test 
stand, and the test apparatus should be attached to the valve outlet, 
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pressure. For a valve set at 50 psig (345 kPag) or less, the test pres- 
sure should be held at 5 psig (34.5 kPag) less than set pressure. 


Leakage test—Before the leakage test, the set pressure should be 
demonstrated, and all valve body joints and fittings should be checked 
with a suitable solution to ensure that all joints are tight. 


Before the bubble count, the test pressure should be applied for at 
least 1 min for a valve whose nominal pipe size is 2 in (50 mm) or 
smaller; 2 min for a valve whose nominal pipe size is 2'/2, 3, or 4 in (65, 
80, or 100 mm); and 5 min for a valve whose nominal pipe size is 6 in 
(150 mm) or larger. The valve should be observed for leakage for at 
least 1 min. 


Acceptance criteria. For a valve with a metal seat, the leakage rate in 
bubbles per minute should not exceed the values as shown in Table 14.2. 
For a soft seat valve, there should be no leakage for 1 min (zero bubbles 
per minute). 


14.5.2 Testing with steam 


Test procedure 
Test medium—The test medium should be saturated steam. 


Test configuration—The valve should be mounted vertically on the 
steam test stand. 


Test pressure—For a valve whose set pressure is greater than 50 psig 
(345 kPag), the seat tightness should be determined with the test 
pressure at the valve inlet held at 90% of the set pressure. For a valve 


TABLE 14.2 Air Test—Maximum Seat Leakage Rates for Metal-Seated Pressure Relief 
Valves 


Effective orifice sizes 0.307 in and smaller 
Set pressure at approximate leakage per 24 hr 
60°F (15.6°C) 


Leakage rate 


Psig mPa (bubbles/min) Standard ft’ Standard m° 
15-1000 0.108-6.896 40 0.60 0.017 
1500 10.3 60 0.90 0.026 
2000 13.0 80 1.20 0.034 
2500 17.2 100 1.50 0.043 
3000 20.7 100 1.50 0.043 
4000 27.6 100 1.50 0.048 
5000 38.5 100 1.50 0.043 


6000 41.4 100 1.50 0.043 
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15.1. Installation of Pressure Relief Valves 


Pressure relief valves normally should be installed in the upright posi- 
tion with the spindle vertical. The valve may be installed in other posi- 
tion than the vertical position provided that: 


® The valve design is satisfactory for such position 


® The media is such that material will not accumulate at the inlet of the 
valve; and 


® Drainage of the discharge side of the valve body and discharge piping 
is adequate 


The pressure relief valves should be installed in such a way that their 
proper functioning will not be hampered by the vessel’s contents. The 
valves for use in compressible fluid service should be connected to the 
vessel in the vapor space above any contained liquid or to piping con- 
nected to the vapor space in the vessel. Pressure relief valves intended 
for use in liquid service should be connected below normal liquid level. 

The opening through all pipes and fittings between a pressure vessel 
and its pressure relief valve should have at least the area of the pres- 
sure relief valve inlet. The openings in the vessel should be designed to 
provide unrestricted flow between the vessel and its pressure relief 
valve. 

There should be no intervening stop valves between the vessel and its 
pressure relief valve or between the pressure relief valve and the point 
of discharge. There are also rules for installation of inlet and discharge 
piping to and from pressure relief valves. In summary, the installation 
of pressure relief valves should cover the following areas: 


® Preinstallation handling and storage 


Inlet piping 


Discharge piping 


Vent piping 


Drain piping 


Isolation valves 


15.1.1. Preinstallation handling and testing 


Proper preinstallation handling and testing can help ensure that pres- 
sure relief valves and their associated piping remain clean, free of 
damage, and operational. 

Pressure relief valves should be handled very carefully. The internal 
parts of pressure relief valves are precision machined and fitted together 
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Weather cap 
may be required 


Pressure 
relief valve 


Long-radius elbow 
Body drain 


Support to resist weight 


Low-point drain and reaction forces 


Nominal pipe diameter 
no less than valve 


Nonrecoverable inlet size 


pressure losses 
not more than 3% of 
pressure relief valve 
set pressure 


Figure 15.1. Safety valve installation with open discharge. (From APT RP 520, Part IT.) 


Remote sensing can be used for pilot-operated pressure relief valves 
when there is excessive inlet pressure loss or when the main valve 
should be located at a pressure source different from the sensing pilot 
because of service limitations of the main valves (Fig. 15.3). 

Remote sensing permits the pilot to sense the system pressure 
upstream of the piping loss. Remote sensing may eliminate valve cycling 
and chattering for a pop-action, pilot-operated pressure relief valve and 
permits a modulating pilot-operated pressure valve to achieve full lift 
at the required overpressure. Although remote sensing helps to achieve 
full lift, any pressure drop in the pipe reduces the relieving capacity. 


Inlet piping design. It is recommended that the equivalent L/D (pipeline 
length-to-pipeline diameter) ratio of the inlet piping to the pressure 
relief valve inlet be kept at 5 or less. Many pipe fittings and tank pen- 
etrations have larger L/D ratios. Figure 15.4 shows some common fit- 
tings and tank penetrations and their equivalent ratios. It can be seen 
from the figure that only the straight inlet pipe with a concentric reducer 
produces the recommended L/D ratio of 5 or less. If these guidelines are 
not followed, rapid cycling or chatter may occur. 
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L 
a 


Pilot 


Main valve 


B 
ie 


Optional remote 
pressure sensing 


Figure 15.3. Pilot-operated relief valve installation. (From API RP 520, 
Part IT.) 


® Avoid take-off branches in the inlet piping, as this may increase the 
pressure drop. 


Inlet piping arrangements. The most recommended inlet pipe arrange- 
ment is as follows: 


®# The inlet pipe is the same size or larger than the pressure relief valve 
inlet (Fig. 15.6). 


= The inlet pipe length does not exceed the face-to-face dimension of a 
standard tee of the proper pressure class. 


Various other inlet piping arrangements are shown from Figs. 15.7 
through Fig. 15.8. 


Vibration considerations. Vibrations that occur in inlet piping systems are 
random and complex. These vibrations may cause leakage at the seats 
of pressure relief valves, premature opening, or fatigue failure of certain 
valve parts, inlet and outlet piping, or both. Regardless of amplitude, 
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5 Pipe diameters or less 


when “D” is same as PRV inlet Concentric reducer 


Full bore block valve 


c- D 

a= 

One pipe size 
larger than Long 
valve inlet radius 


=| P Lo elbow 


Concentric 
reducer 


= 


One pipe size 
larger 


Figure 15.5 Tank penetrations and inlet piping designs. 


Connection Connection 
direct to boiler direct 
-no valves- 
Boiler 
Boiler 
(a) Permissible (b) Not permissible 


Figure 15.6 Inlet piping. 
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Inlet flanges 


Branch 


eH ENOH 


——— Inlet pipe 


’ 
' 
' 
' 
' 
' 
' 
+ 


Run. pipe 


Not less than 10 pipe diameters 
from any device that causes turbulence 


Figure 15.9 ‘Turbulence at pressure relief valve inlet. (Courtesy Dresser 
Flow Control.) 


When pressure relief valve branch connections are mounted near to 
the vessel and cause unstable flow patterns, the branch connection 
should be mounted farther downstream to avoid unstable flow. 


Process laterals. Generally, process laterals should not be connected to 
the inlet piping of pressure relief valves (Fig. 15.10). Exceptionally, this 
may be allowed after analyzing the data to ensure that the pressure drop 
at the inlet of the valve is not exceeded under simultaneous conditions 
of rated flow through the valve and maximum possible flow through the 
process lateral. 


15.1.3 Discharge piping 


The discharge piping installation should provide for proper pressure relief 
valve performance and adequate drainage, preferably a free-draining 
system. Consideration should be given to the type of discharge system 
used, the back pressure on the pressure relief system, and the set pressure 
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> 


Anchor discharge piping 
solidly to building structure 


Radial clearance required 
when valve is operating 


Hh 
4 

= 

| 

me tae 

cS. 0) 


Bore equal to 
nominal valve 
outlet size 


oo 


[A 


Vertical clearance 
required when valve 
is operating 


: Body drain 
ny 


id Flanged inlet 
Drain shown welded 


inlet similar 


Bore equal to nominal 
size pipe of valve inlet 


Short as possible 
(24 in max.) 


Figure 15.11. Installation of a safety valve. (From ASME Sec. VII.) 


Normal operating and flow capacity performance of pressure relief 
valves can be obtained by using the following discharge piping recom- 
mendations: 


®# Discharge piping should be at least the same size as the valve outlet 
connection and may have to be increased to a larger value (Fig. 15.18). 
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=# Proper pipe supports should be used to overcome the following prob- 
lems: thermal effects, static loads due to pipe weight, and stresses due 
to discharge reactive thrust forces. 


Installation of discharge piping for two safety valves on a power boiler 
is shown in Fig. 15.14. 


Manifolds. A manifold should be sized so that it can handle the capac- 
ity when all the manifold valves are discharging. The pipework should 
be large enough to cope with generating unacceptable levels of back 
pressure. The volume of the manifold should be increased as each valve 
outlet enters it, and these connections should enter the manifold at an 
angle of no greater than 45° to the direction of flow (Fig. 15.15). The man- 
ifold should be properly secured and drained. 

Generally, a manifold is not reeommended for steam service. It can be 
used for steam service if proper consideration is given to all aspects of 
design and installation. 


Reaction forces. A pressure relief valve with a larger orifice used for 
higher pressure may generate substantial reactive forces during valve 
relief. In some cases, external bracing may be required to balance this 
reactive force. 

The reaction forces for a pressure relief valve discharging gas, vapor, 
or steam directly to atmosphere without discharge piping should be 


Figure 15.14 Safety valves installed on a power boiler. 
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322 Chapter Fifteen 


Noise. Whena pressure relief valve discharges, it creates a noise 1n the 
surrounding area. The noise level of gases, vapors, and steam as a result 
of the discharge of a pressure relief valve should be calculated. 

Noise level is calculated at a distance of 100 ft from the point of dis- 
charge. (Fig. 15.17). The noise level is measured in decibels (dB). API 
RP 521 gives the following formula for calculation of noise level: 


f 


0.29354WkT 
Loo =L+10 log,o| SPAT 


M 


where Lo, = sound level at 100 ft from the point of discharge, dB 
L = noise intensity measured as sound pressure level at 100 ft 
from the discharge (Fig. 15.17) 
W = maximum relieving capacity, lb/hr 
k = ratio of specific heats of fluid (k = 1.3 for steam) 
T = absolute temperature of the fluid at the valve inlet, °R 
M= molecular weight of the gas or vapor 


When noise level is required to be measured at a distance other than 
100 ft, the following equation may be used: 


r 
L, = Lyg9 — 20 log, 9} — 


100 


where L, = sound level at a distance r from the point of discharge, dB 
r = distance from the point of discharge, feet 


from point of discharge 
—10 Logg (0.2935) WkT/M 


Sound pressure level at 100 ft 


1.5 2 3 4 5 6 Ff 8 9 10 
Pressure ratio, PR 
Absolute relieving pressure 
Absolute back pressure 


Figure 15.17 Noise intensity at 100 ft from point of discharge. 


0S Be0LIO 


09 UOT}BSIBAUOD 
OL I9UBITD UINNICA 
08 ays FST 
06 {90 PRET 
OOT ABmysty pnoy 
OIT ULES} peTeai 
OZT Suro} JO proysery |, 
O€T Jyooyey UO esOITe Jor 
sjeqreqg astou JO ad1n0g 


S|@A97] BSION SAIEIOY «LG |. STAVL 


‘61ST ‘SIy Ul UMOYS ST UOT}RT 
-[@{SUL BSIVYOSIP paso]d Y ‘aATBA AjoTes 9} 0} ATJOAIIP poyO9UUOD ST YOTYM 
odid asreyosip e Aq Jods JUB4SIP B 0} POLLIBo ST JUON]JJo oY} aLOYM UOTE] 
-[@jSUI US ST UOTJVT[SJSUI BSAIVYOSIp pesopayY ‘uoNeje}Su! sHseyosip paso|D 


‘adid asaeyo 

-SIP 9Y} JO JoJOW IP opIsyno dy} st °G eteyM “Gg 04 [enbe Jo uy} 

SSO] ON[VA & 0} poyWII] oq p[noys w pue “GF 0} [enbe 10 ueYy SsoT 
ON[VA B OF poyIWI][ oq plnoys 7 Jo onjea oy ‘QT'GT ‘Sly UI UMOYS SY 

‘adid 4UdA B OJUL MOT] 9Y4 JOOITP 0} asIBYOSIP 

DA[VA OY} JE PoT[VISUL MOQTe UB YIM UOTZeT[eISUT osITeYOSIp Udo [vOT 

-dA} @ SMOUS QT'GT aANSty ‘aATeaA Ajyozes oY} Wo potdnooun st 4eyy odid 

JUDA & 0} LO aoYydsowye aU} 0} ATJOOATp posTVYOsIp SI pInpF YOM UT UOTILT 

-[@{SUL UB SI UOT} eT[VYISUI asIeYOsIp Usdo UY “uO eI]e}SU!I BBseyosip uedO 


‘sulojsAs sutdid taMmod Jo syoodse asayy [[e@ S1aA00 

L' leg ‘909 jo J] ‘ddy ‘ya0ddns wo sds 0yj pue ‘sutdid yUaA 10 asreyosIp 

WIevaIjJSUMOP OY} ‘SosuBT odid pue oATeA ‘AATBA AJoTes 9Y} ‘epBoy UIeUI 

9} 0} UOTJD9UUOD 9Y} ‘WIa4sAs SuIdId 9Jo[dW0d oY SUIPN IOUT ‘UOT eLEpIs 
-U0D USALS 0G P[NOYS UOTJET[eYSUT BATeA AJoTes oY} UL S}UsUOdUIOD [TV 

‘suioysAs sutdid 1aMmod I0J 

UOT}E[[VISUL BATVA Ajoyes JO USISOP 9} IOJ Se—NA syusserd T' Teg WWSV 

jo [] xtpueddy ‘swo4sds sutdid t9Mod Jo uol}eUIuIeXxE pus ‘UOTIEIO ‘STS 

110} VU ‘UOTJBOLAQR] ‘USISep oY} SUTUTAAOS SoTNA SUTBIUOD T’ Teg YINSV 


swaj}sAs Buldid u3amog ft" L"SL 


‘SODINOS JUILOJJIP WOIJ S[OAI| 
ISIOU JO UOSTIVAUIOD B SaprtAodd [GT e[qV], ‘eovTdy1OM ¥ 3B AY Q Jo potszod 
IO} FP GB SMOTTR ‘OLET “FOV YIVOH pure Ajozes [euoryednd0Q¢ [vAEpey OU], 


EE UO0}}e]/B}SU] 


324 Chapter Fifteen 


Vent pipe ~_ 


Safety valve 
Outlet flanges 
t 


Discharge 
pipe 


Inlet weld 


r-—N 


Inlet flanges ae, — IN 
| 


= 


Inlet pipe 


Branch connection 


Run pipe 


Figure 15.18 Open discharge system. (From ASME B 31.1.) 


15.1.5 Isolation valves 


Isolation block valves may be used for maintenance purposes to isolate 
a pressure relief valve from the vessel it protects or from its downstream 
disposal system. The installation of isolation valve permits the pressure 
relief valve to be inspected, maintained, or repaired without shutting 
down the process unit. ASME Code Sec. VIII, Division 1, App. M, dis- 
cusses proper application of isolation valves and the administrative con- 
trols that should be in place when isolation block valves are used. 
Figure 15.20 shows typical pressure relief valve installation with an 
isolation valve. Since improper use of an isolation valve may render a 
pressure relief valve inoperative, the installation of the isolation valve 
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Isolation valve with provision = 
Bonnet vent piping for 


for car sealing or locking open --—_, hollows tye ptechurs 


not required for atmospheric / 
( q discharge) . / / relief valves, if required 


To closed system or _ i 
atmospheric piping 


Bleed valve installed on 
valve body _— Isolation valve with provision 


for car sealing or locking open 


Nonrecoverable pressure 
losses not more than 3% -—————+ 


- Flanged spool piece, 
of set pressure ee 


if required to elevate PRV 


Figure 15.20 Pressure relief valve installation with an isolation valve. (From API RP 
520 Part IT.) 


= Ifa gate valves is used, it should be installed with the stem oriented 
horizontally. 


= A bleed valve should be installed between the inlet isolation valve and 
the pressure relief valve for depressurizing the system prior to main- 
tenance work. 


= Use an interlocking system between the inlet and outlet isolation 
valves to assist with proper sequencing. 


Outlet isolation valve. The outlet isolation valve also should have full 
bore. The minimum flow area of the outlet isolation valve should be 
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15.1.8 Bolting and gasketing 


Gaskets, flange facings, and bolting should meet the service require- 
ments for the pressures and temperature. The gaskets should be 
dimensionally correct for the specific flanges; they should fully clear 
the pressure relief valve inlet and outlet openings. 


15.2 Installation of Rupture Disks 


A rupture disk device may be used as the sole pressure relief device, as 
shown in Fig. 15.21. It may also be installed between a pressure relief 
valve and the vessel (Fig. 15.22) or on the downstream side of a pres- 
sure relief valve. 

If a rupture disk is used between the pressure relief valve and the 
vessel, the space between the rupture disk and the pressure relief 
valve should have a free vent, pressure gauge, trycock, or other suit- 
able telltale indicator. If a rupture disk is installed on the outlet of 
a pressure relief valve, consideration should be given to the valve 
design so that it opens at its proper pressure setting regardless of any 
back pressure that may accumulate between the valve and the rup- 
ture disk. 


Holder 


Rupture disk 


Rupture disk 
device P 


Figure 15.21. Rupture disk installation. (FromAPI RP 520 
Part IT.) 
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330 Chapter Fifteen 


15.2.1 Preparation for installation 


The installing contractor should make necessary preparations prior to 
installation of rupture disks. The following items should be checked: 


1. Holder and flange sizes and rating are the same. 


2. Companion flanges are 
a. Undamaged 
b. Clean and free of debris, gasket residue, and corrosion 
c. Parallel and aligned 

3. Selected gaskets should seal at the recommended torque. 


4. Generally, rupture disks are provided with shipping protectors or 
supports. Remove such shipping protectors and supports prior to 
installation. 


5. Make sure that the rupture disk type is appropriate for the holder. 
Also, ensure that the rupture disk type has been selected based on 
burst pressure, temperature, material, etc., for the application. 


6. Proper tools should be used for installation. The flange ends and 
nuts should he clean. 


15.5.2 Inspection 


All rupture disks should be thoroughly inspected before installation. The 
manufacturer’s instructions must be followed with respect to the rup- 
ture disk. The following points should be noted: 


The seating surfaces should be clean, smooth, and undamaged. 


The disks should be checked for physical damage to the seating sur- 
face or the prebulged disk area. 


Damaged or dented disks should not be used. 


The safety heads of bolted construction should be checked for proper 
torque as recommended by the manufacturer. 


The knife blades on reverse buckling disks should be checked for 
physical damage. Nicked or dull blades should not be used. 


15.2.3 Installation guidelines 


The contractor installing rupture disks should take all precautions for 
correct installation. The manufacturer’s instructions should be followed 
for such precautions. The following guidelines should be practiced for 
installation: 


1. Make sure that the rupture disk vents to a safe area. 
2. Assemble the disk and holder in shop, if possible. 
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Chapter Sixteen 


. Leakage may be observed when there is dirt or scale sitting on the 


seating face. This usually occurs during the periodic lifting required 
by the authorized inspector or routine maintenance personnel. 
Further lifting of the lever will generally clear any dirt that might 
have been on the seating surface. 


. The vast majority of safety valve leakage occurs after initial man- 


ufacture and test. The problem may result from damage during 
shipping or transportation. Other reasons are mishandling, con- 
tamination, or poor installation. 


. Most safety valve standards do not include detailed shut-off 


parameters. Recommended test procedures as specified in API-527 
are commonly used throughout the safety valve industry. 


. The test procedures for valves that have been set on air involve 


blocking all secondary leakage paths while maintaining the valve at 
90% of the set pressure on air. The outlet of the valve is connected 
to a 6-mm-ID pipe, the end of which is held 12.7 mm below the sur- 
face of water contained in a transparent vessel. The number of bub- 
bles discharged from this tube should be 20 bubbles per minute. 


For valves set on steam or water, the leakage rate should be assessed 
using the corresponding setting medium. For steam, there should 
not be any visible leakage against a black background for 1 min after 
a 3-min stabilization period. For water, a small leakage is allowed, 
depending on the orifice area, of 10 mL/hr per inch of nominal inlet 
diameter. 


. Atest using accurate flow-measuring equipment that is calibrated 


in accordance with the requirements of API 527 may be used instead 
of the above test procedures. 


Neither should additional load be applied to the easing lever nor 
should the valve be gagged in order to increase the seat tightness. 
This may affect the operating characteristics and result in the safety 
valve failing to lift in overpressure conditions. 


If there is heavy seat leakage, the valve can be refurbished or 
repaired, but only by an authorized repairer, working with approval 
from the original equipment manufacturer (OEM), and using infor- 
mation supplied by the manufacturer. 


. The valve should be sent to repair if any repair is necessary. An 


authorized repair company should repair the valve using informa- 
tion supplied by the original equipment manufacturer. 


The safety valve should not be used as a control valve to regulate 
system operating pressure. Excessive operation will cause the seat 
to leak and require more frequent valve maintenance. 
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336 Chapter Sixteen 


16.3 Safety Valve Operation 


All tests for valve operating characteristics should be performed under 
conditions that simulate those present when the valve requires operat- 
ing. The most accurate way to test a safety valve is on the boiler at 
operating conditions. However, this method is not recommended for 
valves set above 600 psi opening pressure. 

If operation of the safety valve is doubtful because of solids deposit- 
ing below the seat of the valve, it is helpful to hand lift the valve at suit- 
able intervals to blowout the deposits. Eliminating deposits by water 
treatment is an advisable method than hand lifting of the safety valve. 


16.3.1 Hand lift operation 


Test or lifting levers are provided on pressure relief valves as required 
by the applicable code. Where simple levers are provided, they should 
hang down, and the lifting fork should not contact the lifting nuts on the 
valve spindle (Fig. 16.2A). Uploads caused by the lifting mechanism 
bearing the spindle will cause the valve open below the set pressure. 


TREWORI Se rae 
A: Remote operation not required 


wy ew a ee ee 


CNIS LON ON LON OD CON EN IN LN 
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B: Counterbalanced for remote operation 


Figure 16.2 Positions for lifting lever. (Courtesy 
Dresser Flow Control.) 
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16.3.2 Operation testing 


After visual examination and successful hand lift testing, an operator 
should test each safety valve for the following operating characteristics. 


Opening pressure. The following variation in the set pressure, as defined 
in PG-72.2 of ASME Code Sec. I, is permissible. Care should be taken 
that the system gauge pressure is accurate. The gauge calibration should 
be noted and recorded. 


Stipulated pressure, psig Permissible variation 
15 to 70 +2 psi 
Over 70 to 300 +3% 
Over 300 to 1000 +10 psi 
Over 1000 +1 psi 


Closing pressure. ASME Code Sec. I, PG-72.1, requires valve closure at 
specific closing points, depending on the boiler unit design. The valve 
may perform inconsistently, chatter, or damage itself if the closing pres- 
sure is too close to the popping pressure. 


Capacity. Measurement of the spindle travel (lift) may be used to deter- 
mine if a valve designed is discharging its rated capacity. The spindle 
should travel a distance equal to or greater than the “Lift” stamped on 
the nameplate. If travel is less than the “Lift” value on the nameplate, the 
capacity is reduced by an approximate linear proportion based on the 
reduced travel compared with the full lift. For example: 


Nameplate lift = 0.500 
Tested spindle = 0.375 
Present valve capacity = 0.375/0.500 nameplate capacity 


Present capacity = 0.75 of nameplate capacity 


The hft measurement provides meaningful results as long as the 
adjusting rings are correctly adjusted and the safety valve is properly 
installed. 


Differential pressure. The most common cause of failure of a safety valve 
to open at the set pressure is the accumulation of corrosive deposits 
between the disk and seat. This usually occurs when the safety valve 
“weeps” or leaks slightly. To overcome this situation, the system oper- 
ating pressure should be lower than the set pressure of the safety valve, 
with minimum differentials reeommended as follows: . 
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16.3.3 Precaution for hydrostatic test 


Before performing a boiler hydrostatic test in which safety valves are 
set to less than the design pressure, contact the original valve manu- 
facturer for the proper procedure. When making a hydrostatic test above 
the pressure setting of the safety valve, either remove the safety valve 
and blank the opening or clamp the valve disk securely to its seat. A suit- 
able safety valve gag (Fig. 16.5) may be used to secure the valve to its 
seat and may be used during hydrostatic test. 

Extreme care should be taken not to tighten the gag screw exces- 
sively, which can damage the spindle and/or seat. Hydrostatic plugs 
may be used when recommended by the valve manufacturer. An oper- 
ator should ensure that safety valves are restored to working condition 
after the hydrostatic test and that all blanks, gags, and plugs are 
removed. If there is any doubt about their operation, test the safety 
valves before the boiler is again placed in service. 


~ Adjusted location of 
“release nut” after the 
internal plug is removed 


Location of 
“release nut” prior to 
removing internal plug 


Hexagon 
compression 
screw 


Locknut 
(for compression 
screw setting) 


Figure 16.5 Atypical test gag. (From ASME Sec. VIL) 
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towel ruptures. This test is used to verify tightness in noncritical appli- 
cations. The wet paper towel test is applicable to pressure-tight bonnet- 
design valves only. 

A cold rod test is used to detect seat leakage for exposed spring or 
nonpressure-tight bonnet-design valves in steam service. This test is 
performed by removing the valve discharge pipe and placing a cold rod 
near the valve seat. The formation of condensate on the rod indicates 
valve leakage. 


16.4.2 Lift and blowdown 


Lift is a very important characteristic, as full relieving capacity of the 
valve can only be achieved at full rated lift. Blowdown is the difference 
between the set pressure and the closing pressure of the valve. 

The system operating pressure should be below the valve closing pres- 
sure. Blowdown is a meaningful characteristic for gas, steam, or air 
applications. 


16.4.3 Testing 


A safety relief valve should be tested after any maintenance work. This 
testing can be performed on a test stand designed for compressed air (for 
air or gas applications) or pressurized water (for liquid applications). 

A test stand can verify the quality of workmanship for all functions. The 
capacity of the test stand determines the maximum size of the valve that 
can be lift and blowdown tested. See Chap. 20 for details of valve testing. 

All valves should be sealed after testing to ensure that no further 
adjustments are made. Testing of the safety relief valve should be per- 
formed by qualified personnel. 


16.5 Operator’s Responsibilities 


An operator is responsible for safe operation of equipment, including 
pressure relief devices. Though an operator’s principal job is to operate 
the main equipment, his or her responsibilities relating to pressure 
relief devices might include the following: 


Initiating work requests 
® Overseeing that devices are reinstalled in their proper locations 


= Preparing in-service reports 


Checking for leaking pressure relief devices 


Making sure that the correct block valves are locked or sealed open 
or closed as required. 


Checking vents and drains for operability 
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n 


SETTING RECORD AND REPAIR ORDER FOR PRESSURE-RELIEVING DEVICES 


To Mr./Ms. 


Please relieve. dismantle. repair, and reset the following relief 
valves. Return properly executed original of this form to the en- 


gineering-inspection group after compietion ot work. 


Deposits and 


Unit es corrosion Parts 
Inspector = so _ N = None B = Bonnet 
Order no.___ L = Light Be = Bellows 
Dat M = Medium Bo = Body outlet 
SSS SS ~——- H = Heavy D = Disk 
Foreman G = Guide 
| No [Reliev Dis 
De Set |Reseat{ Bon-} Notch | ing Test | man- 
vice Pres-{ Pres- | net | DO 
Size | No Location sure | sure { test | Ring 


Legend 
: _ Dismantled/ 
os Test medium _ valve stuck 
N = Nozzle A= Air N=No 
S = Seat S = Steam Y = Yes 
Sp = Spring W = Water 
St = Stem N = Nitrogen 


O = Other inert gas 


Deposits 


Body [Berner | Corrosion 
PERT 


Figure 16.7./ Work request for 


setting record and repair. 


(From API RP 576.) 
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® To furnish test reports 


= To initiate purchase orders for spare parts 


17.1. Valve Specification Records 


The specification record for a pressure relief valve provides a permanent 
record for specifying a pressure relief valve. Maintenance departments 
must have complete specification records of valves. A specification record 
is required to properly repair or replace the valve. A specification record 
for a pressure relief valve is shown in Fig. 17.1. 

When a valve is received at the shop, it is inspected and tested by the 
maintenance personnel in “as received” condition. A report such as 
the testing report for a pressure relief valve is filled out to document the 
results of this inspection and testing. Maintenance personnel may have 
to repair the valve on the basis of inspection and test results. Orders and 
records such as the condition repair, and setting record for a valve 
should be filled out as appropriate. 


17.2 Maintenance Procedures 


Planned maintenance procedures ensure longer and better performance 
for pressure relief valves. Testing, inspection, and repair should be per- 
formed on a pressure relief valve at a frequency determined by the valve’s 
maintenance history. Individual records should be maintained on each 
valve to provide an accurate history of the activities for that valve: 


® Date and result of inspections 


® Date and result of operation 


Make Style Remarks 


Body and bonnet material 


Nozzle and disk material 


Trim material 


Spring material: © ‘O Carbon steel Od Alloy 


Spring no. 


Flange sizes 
Inlet _o Outlet 


Orifice Back pressure 


Spring set pressure 


Relieving pressure = a ees 


Normal operating temperature Maintenance engineer s phone no. 


Figure 17.1. Specification record for a pressure relief valve. (From API RP 576.) 
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between assembled parts should be checked. The spring should be 
adjusted to pop as close to the desired set pressure as possible. Blowdown 
rings should be adjusted carefully and accurately. 


17.2.5 Valve testing 


Testing of the valve is done to set the valve to the nameplate set pres- 
sure, biowdown, and to check seat tightness. Changing to valve name- 
plate set pressure and/or service medium (air to steam, etc.) may require 
changing a spring and or other internal parts. 

After reassembly of the valve, the spring should be adjusted for the 
last time to ensure that valve will relieve at the required cold differen- 
tial testing pressure (CDTP). After the valve has been adjusted, it should 
be popped at least once to prove the accuracy of the setting. When tested 
with water, the pressure will be raised slowly to the required setting. A 
small continuous stream of water from the valve discharge indicates 
attainment of the CDTP. The pressure at which the valve releases should 
be within the tolerances. 

Once the valve is set to pop at CDTP, it should be checked for leakage. 
It can be tested on the test block for seat tightness by increasing the 
pressure on the valve to 90% of the CDTP and observing the discharge side 
of the valve for evidence of leakage. 


17.3 Types of Maintenance 


A number of guidelines for pressure relief valve service and maintenance 
are available to ensure that that valves work properly. Overall mainte- 
nance of pressure relief valves are classified as: routine maintenance, 
in-line maintenance, and preventive maintenance. 


17.3.1 Routine maintenance 


Many valve seat rings are not removable, and these can be reprofiled 
and relapped in the body (Fig. 17.2). 

It is important that the size of the seat orifice be maintained exactly 
in line with original drawings, since a change can alter the effective area 
and thus affect the set pressure. 

It is not permitted for the disk to be lapped directly onto the seat in 
the body, since a groove may be created on the disk preventing consis- 
tent shutoff after lifting. 

In the case of resilient seal valves, usually the seal, which is an O-ring 
or disk, can be changed in the disk assembly. 

Figure 17.3 shows a discharge pipe disconnected. The maintenance 
mechanic should fix this type of problem as part of routine maintenance. 
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17.3.2 In-line maintenance 


Removing a damaged safety valve from its position and repairing it in 
the shop takes time. Ultimately it costs money for downtime and spare 
valve inventory. If a valve can be repaired in-line, downtime can be 
eliminated and cost can be saved for spare valve inventory. 

Figures 17.4 and 17.5 show a safety valve boring machine which can 
be used for in-line maintenance. The machine is designed to mount 
directly on the safety valve and rework nozzles up to 4 in (100 mm) in 
diameter. This machine can combine various tool bits and tool holders 
to remachine valve bushing seats to the manufacturer’s original speci- 
fications. The boring machine can also machine outside diameter, inside 
diameter, and bushing seat faces to close tolerances. 

The safety valve boring machine consists of a compact pneumatic 
power head and spindle, a set of mounting fixtures, and tool heads for 
a range of machining operations. The power head features a 1.2-hp 
(0.90-kW) pneumatic motor that drives a worm gear reduction, for plenty 
of torque at the tool head. The spindle turns in ball bearings to ensure 
smooth operation. 

The tooling assembly consists of the tool head, the tool set fixture, the 
boring and facing heads (Fig. 17.6), and the tool bits. A draw bolt holds 
the tool head to the spindle. The tooling assembly does three basic valve 
remachining operations: boring, turning, and facing. 


nope ee 
bse 


Figure 17.4 Safety valve boring 
machine. (Courtesy Climax 
Machine Tools, Inc.) 
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17.3.3. Preventive maintenance 


Personnel responsible for maintenance should evaluate the following 
objectives when establishing a preventive maintenance program: 


Provide for safety of personnel. 

Guard against damage to the equipment. 

Comply with jurisdictional laws, rules, and codes. 

Minimize loss of production during normal operation. 

Reduce maintenance by extending the time period between major 


maintenance of pressure relief devices. 


The preventive maintenance program should be established based 


on operating and maintenance experience. ‘he corrosiveness of the 
fluid, the application, and the trim metallurgy are primary elements that 
determine frequency of maintenance. The frequency may be as short as 
6 months or as long as 2 years for an individual pressure relief valve. 
The maintenance program also depends on the type of pressure relief 
valves used in the plant. 


An effective preventive maintenance program should have the fol- 


lowing elements: 


A procedure should be in place for permissible overpressure, set pres- 
sure, set pressure for multiple relief devices, and set pressure tolerance. 


Install pressure relief valves properly. 

Consider providing secondary capacity for the “unknowns.” 
Consider providing secondary relief devices. 

Watch for corrosion and leakage! 

Consider using isolation valves. 

Consider using vacuum support. 

Take measures against pulsating pressures and water hammer effect. 
Visually inspect piping every 6 months. 

Reduce inlet pressure to zero before underrating any work. 


Provide atmospheric discharge lines with adequate rain and moisture 
protection. 


17.4 Testing 


All pressure relief valves are required to be tested on the service medium 
for which they are intended. Steam valves should be tested on steam 
(Fig. 17.7), and air and gas valves should be tested on air. 
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17.4.3 Seat tightness test 


A seat tightness test is performed on all pressure relief valves after 
final set pressure and blowdown requirements have been satisfied. It 
is extremely important to practice safety precautions when perform- 
ing seat tightness tests on steam and air. See Chap. 20 for seat tight- 
ness test. 


17.5 Causes of Improper Performance 


When a pressure relief valve does not function normally, there is always 
a reason. Maintenance engineers should look for the causes of improper 
performance and rectify them. 


17.5.1 Rough handling 


Pressure relief valves are checked for tightness in the manufacturer’s 
shop before they are shipped to the user. Rough handling of the valve 
may change the set pressure, damage lifting levers, damage tubing and 
tube fittings, damage pilot assemblies or cause internal or external 
leakage when the valve in service. Rough handling can occur during 
shipment, maintenance, or installation. 

The valves should be shipped in an upright position — especially for 
large valves and valves with low set pressure. Rough handling during 
shipment may cause a valve to leak excessively in service or during 
testing. The rough handling may expose the valve inlet allowing dirt or 
foreign particles that could damage the valve seating surface. 

Rough handling during maintenance can degrade the tolerances, and 
destroy valve alignment. Valve inlets and outlets should be covered 
before the valves leave the shop. 

Rough handling of pressure relief valves during installation may 
cause poor valve performance in service. Bumping or dropping the valve 
should be carefully avoided. 


17.5.2 Corrosion 


Corrosion is a basic cause of many problems encountered with pressure 
relief valves. Corrosion often appears as pitted or broken parts, deposits 
of corrosive residue, or a general deterioration of material of the valve. 
A corroded safety valve is shown in Fig. 17.8. 

Corrosion can be slowed down by selecting more suitable materials for 
the fluids being run. Proper maintenance is also a consideration, as a 
leaky valve allows fluids to circulate in the upper parts of the valve, 
which may contribute to corrosion of its movable parts. 
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® Rough handling during maintenance, such as bumping, dropping, Jar- 
ring, or scratching of valve parts. 

® |.eakage past the seating surfaces of a valve after it has been installed. 
Seat leakage may also result from the operating pressure being too 
close to the set pressure of the valve. 


= Improper blowdown ring setting can cause chattering in pressure 
relief valves. 


17.5.4 Failed springs 


Spring failure may occur in two forms—weakening of the spring, and 
a total failure of the spring. Although spring may be weaken and fail due 
to the use of improper materials at high temperature service, most of 
the springs fail due to corrosion. 

When corrosion is the reason for failure, the following actions may be 
taken: 


# A spring material that resists the action of corrosive agent may be 
used. 


# The spring may be isolated by a bellows. 


= The spring may be coated with a corrosion-resistance coating that 
can withstand the operating temperature and environment. 


17.5.5 Improper setting and adjustment 


The manufacturer’s recommendations should be followed to eliminate 
improper setting and adjustment by indicating how to adjust the pres- 
sure relief valves for temperature, back pressure, and other factors. 
Generally, pressure relief valves are set in the maintenance shop on 
appropriate test equipment. 

The following guidelines may be used for proper setting and adjustment: 


= Vapor-service valves should be tested on air or inert gas. Steam- 
service valve should be tested on steam, but air may be used if suit- 
able corrections are applied. Liquid-service valves should be set 
using water. 


= The size of the test stand is important, as insufficient surge volume 
might not cause a distinct pop, and may cause an incorrect set pressure. 


® Consult the manufacturer for proper techniques for setting pilot- 
operated pressure relief valves for liquid service. 


= Gauges should be calibrated frequently on a regularly calibrated dead- 
weight tester. 
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= Note that hydrogen sulfide (H.S) attacks carbon steel springs, and 
chloride attacks 18Cr-8Ni steel disks. 


® Care should be taken to record the identity of special materials and 
the locations requiring them. 


17.5.8 Improper discharge piping test 

Blinds should be installed when hydrostatic tests of discharge piping are 

performed. The following might result if blinds are not used: 

® The disk, spring, and body area on the discharge side of the valve may 
be fouled. 

= The bellows of a valve may be damaged by excessive back pressure. 


= The dome area/or pilot assembly may be fouled and damaged by the 
backflow of fluid. 


17.6 Troubleshooting 


Like any other mechanical equipment, pressure relief valves give trou- 
bles during operation. Maintenance personnel are responsible for diag- 
nosis of troubles and taking corrective actions to restore valves’ normal 
operation. Table 17.1 offers guidelines for troubleshooting. 


17.7 Spare Parts 


The maintenance department should stock spare parts which may be 
required on emergency basis. Commonly supplied spare parts are: 


Springs (Fig. 17.9) 
® Disks 
Disk holders 


= Nozzles 


# Rings 


Guides 


= Spindles 


Resilient seals 
Gaskets 


= Compression screws 
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360 Chapter Seventeen 


TABLE 17.1 Troubleshooting of Pressure Relief Valves (Continued) 


Trouble Diagnosis Corrective action 
5. Blowdown Blowdown is too short Adjust rings 
(<2% of set) Check spring range (high) 
excessive blowdown Adjust rings 
(PRV is hanging up) Check spring range (low) 
Check alignment 
6. Excessive simmer Adjustment Raise lower ring 
Wide nozzle seat Remachine nozzle seat 
and lap to correct 
Misalignment Check alignment 
7. PRV flutters Seat damage Disassemble and check seats 


When ordering valve parts, the following information should be fur- 
nished to the vendors: 


® Quantity 

# Valve model (See manufacturer’s catalog) 
® Construction material 

= Set pressure 

# Maximum inlet temperature 

s# Allowabie overpressure 


# Service 


Figure 17.9 Springs for pressure relief valves. 
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about ASME and API Codes. In the absence of jurisdictional laws and 
rules, inspection should be conducted by an engineer experienced in 
pressure relief device technology. 

The Al performs inspection according to the national codes and juris- 
dictional requirements. The following codes and standards are used for 
inspection of pressure relief devices: 


# API RP 576—Inspection of Pressure Relief Devices 

= API RP 520, Part I—Sizing and Selection of Pressure Relief Devices 
#® API RP 520, Part I]—Installation of Pressure Relief Devices 

# ASME Sec. VIII, Division 1—Pressure Vessels 

#® ANSI/NB 23—Inspection Code 


18.1 Authorized Inspectors 


Currently there is no certificate requirement for pressure relief device 
inspectors. The inspection of pressure relief devices is done as a part of 
inspection of the vessel by an Authorized Inspector, who is employed 
either by the jurisdiction or by an insurance company. An insurance 
company employing an AI must write boiler and machinery insurance 
in the jurisdiction where the inspector performs inspections. 

An AI has knowledge, experience, and training in pressure vessel 
codes and has to qualify by passing a written examination under juris- 
dictional requirements. Once a person passes the examination, the juris- 
diction issues a Certificate of Competency (Fig. 18.1). An AI is considered 


i CERTIFICATE OF COMPETENCY 
STATE OF FLORIDA 


FLORIDA DEPARTMENT OF FINANCIAL 
DIVISION OF STATE FIRE MARSHAL 
TALLAHASSEE, FLORIDA 32399-0300 


THIS IS TO CERTIFY THAT: REPRESENTING: 


NEIL MATTHEWS STATE OF FLORIDA 

3340 SHELLEY DRIVE STATE FIRE MARSHAL OFFICE 

GREEN COVE SPRINGS, FL 32043- 200 EAST GAINES STREET 
TALLAHASSEE, FL 32399-0342 


INSPECTOR ID #: 019 ISSUE DATE: 01/01/2004 EXPIRATION DATE: 12/31/2004 


IS CERTIFIED PURSUANT TO THE PROVISIONS OF CHAPTER 554, FLORIDA STATUTES, AS A DEPUTY 
BOILER INSPECTOR OR AS A SPECIAL INSPECTOR 


Te~ Vlateyh ibndcg jhlbaee 


TOM GALLAGHER MOHAMMAD A. MALEK, P.E. 
CHIEF FINANCIAL OFFICER CHIEF BOILER INSPECTOR 


FORM #DI14-357 


Figure 18.1 A certificate of competency. (Courtesy State of Florida.) 
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366 Chapter Eighteen 


To ensure that pressure relief devices will function in case of abnor- 
mal circumstances, the following types of inspections are performed: 


Inspection of new installations 


Routine inspection 


Shop inspection 


Visual on-stream inspection 


In-service testing 


Unscheduled inspection 


18.2.1 Inspection of new installations 


All new pressure relief valves should be inspected and tested before and after 
they are installed on equipment. Inspect the pressure relief valves visually 
and verify cold differential test pressure (CDTP) pressure. This inspection 
should determine any damage or changes in factory adjustment due to ship- 
ping. Be sure to confirm the set pressure, and keep appropriate records. 

Pressure and/or vacuum vent valves on atmospheric storage tanks 
should be inspected after installation but before the tank is hydrostat- 
ically tested or put into service. 


18.2.2 Routine inspection 


Routine inspection is carried out when the plant is shutdown and main- 
tenance manpower Is available. Generally, the interval between routine 
inspections is determined by operating experience in the various 
processes involved. The interval of a pressure relief device in a corro- 
sive or fouling service would be shorter than the interval required for 
the same device for non-fouling, non-corrosive service. 

All relief valves not equipped with block valves should be inspected 
at this time. If an inspection carried out during this shutdown, the 
inspection should be scheduled for the next shutdown. Even the pres- 
sure relief valves with block valves may be inspected to minimize process 
interruptions, and avoiding inspection in operation. 


18.2.3 Shop inspection 


Periodically, pressure relief devices are removed, disassembled, and 
inspected in the shop. This inspection is referred to as shop inspection. 

Each pressure relief valve in the shop should carry an identification 
tag or other means to show its company equipment number. This 
number allows ready identification of the equipment that the valve 
should be installed on. An operating history of each tag number since 
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Figure 18.3 In-line valve testing. (Courtesy B & HES, 
Inc.) 


18.2.6 Unscheduled inspection 


An inspection is required when emergency situation occur involving 
operation of pressure relief devices. If a valve fails to open at the set pres- 
sure, it requires immediate inspection. If the valve opens at the set 
pressure but does not reset properly, urgent inspection is also required. 
Other emergency situation involves leakage, characteristics of the leak- 
ing substances, and their environmental and human impact. 

Unscheduled inspection is also performed on pressure relief valves if 
left for an extended shutdown. This inspection ensures that corrosion, 
fouling, tempering and other conditions have not occurred during the 
extended shutdown. 


18.3 Safety Valve Inspection 


Safety valves are used primarily on steam boilers and other gas-type 
services. This type of valve is usually spring loaded with full-opening 
pop action. The safety valve should meet the applicable code, be iden- 
tified with a V symbol, and should be set to relieve at or below the 
MAWP of the vessel. Figure 18.4 shows inspection of two safety valves 
by an Authorized Inspector. 
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Chapter Eighteen 


Look at the valve proper, and check for cracks in the body, broken 
springs, and broken or defective levers. Make sure that there is no 
accumulation of rust, soot, scale, or other foreign particles in the 
casing or body spring area. 


. If no discharge piping is attached, look inside the discharge open- 


ing for evidence of leakage. The leakage shows up in the form of 
white-like mineral deposits, or heavy corrosive deposits. This deposit 
can interfere with normal operation of the valve. 


If discharge piping is attached, make sure that it is independently 
supported from the valve body so that the piping loads and stresses 
are not transmitted to the valve body. Safety valve bodies are not 
designed to carry this loading. 


Make sure that the discharge piping is carrying full size to a safe 
point of discharge with no restrictions or intervening stop valves. A 
common mistake is to reduce the cross-sectional area of a common 
line where two or more discharge lines enter a common line. 


It is permitted by the Code to header discharge lines together, 
provided the cross sectional areas of the common lines equals 
the sum (cross sectional areas) of all discharge lines entering the 
common. 


Safety valves must be installed in an upright position with the spin- 
dle vertical to assure proper operation. 


If the discharge line is fitted with a drip pan, make sure that the 
drip pan and the drip pan drain line are free of scale and other for- 
eign deposits. 


Drip pan drains and valve casing drains can be piped together. 
Ensure that they are piped to a safe point of discharge, and free of 
obstructions. 


A safe point of discharge from the safety valve is an area where the 
discharge does not exit directly on personnel or property that may 
be damaged by the discharge. 


Drainage holes at the low point of the discharge piping are required 
to assure that moisture does not accumulate in the piping and the 
top of the valve seat. Check the drain holes and make sure that 
they are open. 


Hazardous or lethal chemicals or gases should be piped to a dump tank 
which provides sufficient capacity to contain accidental discharge. 


Nonlethal gases which act as oxygen displacers should be piped to 
an outdoor area. Make sure that the discharge point is clear of any 
outside air inlets to any building. It should be at least 20 ft from any 
window, entrance, or air inlet. 
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3. The safety relief valve should be installed top or side at the highest 
possible part of the vessel proper. In no case may this valve be 
installed below the lowest permissible water level of the vessel. 


4, The safety relief valve should be connected directly to a tapped or 
flanged opening in the vessel. 


5. The discharge pipe should be as short as possible, and arranged to 
avoid undue stress loadings on the valve. 

6. If the valve discharges liquids, the discharge piping should be piped 

to the floor or drain areas to minimize scalding of personnel. 


~I 


. The piping discharge point should be no closer than one pipe diam- 
eter above the floor, or any obstruction. It should be no higher above 
the floor than three pipe diameters. 


8. Acommon error is to set the discharge pipe directly on a drain plate. 
The webbing in the plate reduces the safety relief valve capacity. 
Check the discharge piping exit point to ensure that it is not 
obstructed in any manner. 


9. Inspect the body casing and spring area for cracked or broken parts. 
Look for leakage in the area in the form of white-like mineral 
deposits or corrosion that might obstruct the movement of spring or 
operation of the valve. 


10. Examine the discharge piping exit point for evidence of relief valve 
leakage. If any leakage is found, it should be corrected or the valve 
replaced. 


11. A safety relief valve should have a try lever and should be sealed. 
Safety relief valve inlet size should not be smaller than */; in, nor 
greater than 4 in. 


— 
iw 


. Asafety relief valve is required to be installed with the valve spin- 
dle in the vertical position to assure proper operation. 


18.5 Rupture Disk Inspection 


All rupture disk devices should be thoroughly inspected before instal- 
lation. The manufacturer’s instructions should be followed for specific 
rupture disks. The seating surfaces of the rupture disk holder should 
be clean, smooth, and undamaged. 

Rupture disks should be checked for physical damage to the seating 
surfaces or the prebulged area. Damaged or dented disks should not be 
used. The disk should not be reinstalled once it has been removed from 
its holder, even though it has not been ruptured. The safety head or 
bolted construction should be checked for proper torque as recommended 
by the manufacturer. 
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374 Chapter Eighteen 


DIVISION OF STATE FIRE MARSHAL 
BUREAU OF FIRE PREVENTION RE-INSPECTION REPORT—ALL BOILERS 


BOILER SAFETY PROGRAM 
This inspection is intended for your safety and the safety of the citizens of Florida. Your cooperation is greatly appreciated. 


PLEASE PRINT = ee eee 
Last Inspectior Date | 


i = “T Kind of Inspection | JunsdicuonaiNo. ay caus No, ~~ & NB Contificate Posted? 
| in 
, 02/08/2005 C]in ext | FL-055331 wv NB 33836 | (J MFG : Ed Yes [No 
ai Owner 7 “| Nature of Business | Bu To 
| RIU Hotels | Hotel | Owner O) User 
! 2 lowners Adcress (Street) 7 ae Oe Owners Cty [| State; Zip : 
- ! 
____ {3101 Collins Avenue | Miami Beach FL: 33140 
"Users Name Object ‘oearinn 7 — ~ 7 7 > 4 Specitic Location in Plant as ] Onect tacation- County 
|Same Boiler Room ———(i‘“‘“‘éiO 7 
| 3 “ae tree’) 7 Users City aa | State Zip 
‘wr fcr fj yr sun” | Manufacturer STATE USE ONLY 
Cl Coil Ol oter | 1996 ;A.O. Smith | CODE 
5. 1 Uke TD] Power [J] Process LJ] Steam Heat CL] HWH & HWS] Fuel ee ai | Method of Firing Kw Input- Elec. 7 
tal VSS loom |Gas | Auto 5 ees 
j Pressure Allowec Satety/ Relief Valve . Exptatn Pressure Capacity Gals. Mannoie instalied 
6 | this Insp. 160 Prev. Insp. 160 psig | Setting 160 psig | Chasge Eaiew /O ves BM No 
'——Toai HTG Surface | Hydrotest TWCO instalied | lested Controlling Code Secaion 
109 sq ft} CO Yes ®Q No psig & Yes O No C) Yes & No iam i} & iv 
ee — = : Shae es sR oe 
mber of Safety/Safety Relier Valves ‘Relieving Cap. Reqd 2 Lb/hr. Stm_ Capacity Provided i ss Lb/hr. Stm [ese Certificate 
Yes (1 No 
1 1,093,000 6 BTU/Hr. 450,000 ga stuHr Lie No Jexclain In Remarks 


Code Violatians with reference: / Remarks / Boiler Stamping 


| ‘ 
| 1.14 The installed safety valve is of insufficient capacity and cannot relieve the total output of the boiler. 
Replace the safety valve with an ASME approved valve capable of relieving the total heat output of the boiler. 


' The pressure setting shali be no higher than 160 PSI. 


Pursuant to A.S.M.E. Code Section IV, Article 7 ASME Code Section |, Paragraph PG-70. 


9 
H | Rafael Fernandez, Chief Engineer, 305-673-9335 
| 
| 
| | 
ee us es = Sy et p _ Continue on reverse side | 
i 40 | Violations recorded in previous Inspection Report, dated ____Not App icabte 
| have OO been corrected (] not been corrected. ) recommend action be initiated to shut down installation 
The following safety violations of the Flonda Boiler Safety Code have been recorded. The signature below certifies that 
corrective action on all violations will be completed within days. Telephone # 


1 : 


| _Signature of Owner or Representative Title tye OSE cme 


| hereby certify that this t's a true report and a re result of my inspection: 
, PRINT NAME OF INSPECTOR 


I 
SIGNATURE OF INSPECTOR ' LO NO EMPLOYED BY: | LD. NO 


f _x<ZJas / pt ke pg 3 | 271 | CNA INSURANCE CO. | 9165 


Figure 18.6 [nspection report indicating insufficient safety valve capacity. (Courtesy State 


of Florida.) 
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378 Chapter Ninteen 


Generally, jurisdictions permit a “VR” stamp holder to repair all 
types of pressure relief valves. The VR Certificate of Authorization is 
issued by the National Board of Boiler & Pressure Vessel Inspectors. 
A sample Certificate of Authorization to use the VR stamp is shown 
in Fig. 19.1. 


THE NATIONAL BOARD 
OF 
BOILER & PRESSURE VESSEL INSPECTORS 


. 


Certificate of Authorization 


® 


This is to certify that 
Tesoro Hawaii Corporation 
91-325 Komohana Street 
Kapolei, Hi 96707 
USA 


is authorized to use the VALVE REPAIR SYMBOL in accordance 
with the applicable rules of the National Board. 


The scope of Authorization is limited as follows: 


Location: VR Special Process: 

Shap Machining & NDE (UT, MT & PE) 
ASME Code Section: Vest Media: 

1& VIE Div. | Steam, Air/Gas & Liquid 


"VR" STAMP NUMBER: 708 
ISSUE DATE: November 27, 1999 
EXPIRATION DATE: October 04, 2002 


Figure 19.1 A VR Certificate of Authorization. (Courtesy National Board.) 
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Figure 19.2 Safety valve repair shop. (Courtesy Mobile Valve Repairs Ltd., Canada.) 


inspector (AJ) or pressure vessel inspector should be called for inspec- 
tion if unusual corrosion, deposits or conditions are noted. 

The results of the visual inspection should be recorded on appropri- 
ate forms. Pay attention to the following areas: 


® Check valve identification number 

= Check complete nameplate data 

® Check external adjustment seals 

® Check bonnet for venting on bellow-type valves 


= Check appearance of any unusual damage, missing or misapplied 
parts 


= Check flanges for evidence of pitting or roughening 
= Check springs for evidence of corrosion or cracking 


=™ Check bellows for evidence of corrosion, cracking or deformation (for 
bellows type pressure relief valves) 


® Check inlet and outlet nozzles for evidence of deposits of foreign mate- 
rial or corrosion 


= Check external surfaces for any indication of corrosive atmosphere or 
of mechanical leakage 
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19.2.4 Cleaning parts 


Each part should be cleaned after disassembly of a safety relief valve. 
Parts may be cleaned with solvents, emery paper, wire brush, sand- 
blasting, or carefully scraped. The valve parts should be properly marked 
and segregated so that they are not mixed with parts of other valves. 

Proper parts cleaning and condition is a vital part in pressure relief 
valve performance and valve life. Parts which show signs of wear, pit- 
ting, corrosion or any other damage should be replaced. 

Follow the procedures below to clean all parts of pressure relief valves: 


® Wire all small parts together and clean by means of an abrasive. 

® Do not clean using a chemical solution. 

® Protect seating surfaces, guiding surfaces, and threads prior to 
cleaning. 

= Protect valve nameplate when sandblasting body. 

# Avoid sandblasting stems, nozzles, disks, and guides whenever possible. 

= Never use steel shot to clean any parts. 


19.2.5 Inspection 


After cleaning, all the components should be inspected for wear, corro- 
sion, and other deterioration. Each part should be checked for dimen- 
sions with reference to the original valve manufacturer’s drawings and 
specifications. 

Perform the following inspection on pressure relief valve components: 


® Check spring for damage such as erosion, corrosion, cracking, break- 
age or compression below free height. 


® Check nozzle for cracks using a suitable nondestructive examination 
(NDE) method. Look for any unusual wear. 


® Check disk assembly for cracks using a suitable NDE method. Look 
for any unusual wear. 


= Check spindle for trueness, bearing areas, and threaded condition. 
= Check guide for wear and galling. 

= Check adjusting rings for worn threads and wear. 

® Check ring pins for bent or broken pin and thread condition. 

® Check bellows, if applicable, for pin holes and corrosion. 

= Check flange gasket facings for wear and cuts. 

= Damaged springs, bellows and soft goods should be rejected. 


= Parts that are worn beyond tolerance or damaged should be rejected. 
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compound is used. Coarse compounds should be used for removing deep 
scratches and must always followed by finer grades. The following lap- 
ping compounds are recommended: 


® 320 erit for removing small cuts 
8 GOO grit for removing scratches 
® 1000 grit for finishing work 


# 1200 grit for polishing 


19.2.8 Adjusting rings 


Install the lower ring and guide ring to the same position they were 
when removed, or to the manufacturer’s specifications. 


19.2.9 Bearing points 


xrind all bearing areas with grinding compound to make sure they are 
round and true. 


19.2.10 Assembly 


After all the parts have been inspected, reconditioned or replaced, the 
valve should be assembled in accordance with the manufacturer’s draw- 
ings and instructions. In fact assembly is the opposite process of disas- 
sembly. Each part should be clean, free from burrs and not damaged 
prior to assembly. Attention should be paid to the seats on the nozzle and 
disk. Seats must be free from nicks and scratches. 

The following operation is included in assembly of the pressure relief 
ralve: 


® Secure the valve nozzle wrenching surface in a soft jaw vise with the 
nozzle seat vertical 


® Check clearance between assembled parts 

= Assemble all the parts according to the instructions 

® Do not oil and seating surfaces 

= Adjust spring to pop as close to the desired set pressure as possible 


® Set blowdown carefully and accurately 


19.2.11 Testing 


All valves should be tested on the service medium for which they are 
intended. The following steps should be taken prior to mounting the 
valve to the text fixture: 
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19.3. Repair Nameplates 


The repairer is required to install a repair nameplate on each repaired 
pressure relief valve. A repair nameplate identifying the repairer and 
date of repair should be attached to the valve. If set pressure has been 
changed, the new set pressure and new capacity should be indicated 
on the original nameplate or stamping. The new capacity determined 
by calculations based on which the valve was originally certified. The 
original nameplate should never be removed from the pressure relief 
valve. 
A repair nameplate is shown in Fig. 19.5. 


19.4 Documentation 


Repair of pressure relief valves should be properly documented. The doc- 
ument should include condition, repair, and setting record for each pres- 
sure relief valve. Adocument form for pressure relief device is shown in 
Fig. 19.6. 


REPAIRED BY CEATIFICATE HOLDER 
ae AES... See 


(TYPE/MODEL NUMBER) 


VR) 3 Y 
SET PRESSURE CAPACITY 


REPAIR IDENTIFICATION 


NATIONAL BOAHD VR DATE REPAIRED 
CEHTIFICATE NUMBER 


Figure 19.5 Pressure relief valve repair nameplate. (Courtesy National Board.) 
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Pressure relief valves should be tested at intervals that are frequent 
enough to verify that the valves perform reliably. This may include test- 
ing pressure relief valves on newly installed equipment. 

The intervals between pressure relief valve testing should be deter- 
mined by the performance of the valves in the particular service con- 
cerned. Test intervals on pressure relief valves in typical process services 
should not exceed 5 vears, unless service experience indicates that a 
longer interval is acceptable. For clean and noncorrosive services, max- 
imum intervals may be increased to 10 years. 

If service records indicate that a pressure relief valve was heavily 
fouled or stuck in the last inspection or test, the service interval should 
be reduced. The service records should be reviewed to determine the 
‘ause of the fouling or the reasons for the relief valve not operating 
properly. 


20.1 Test Media 


Generally. the medium for shop testing of pressure relief valves are air, 
nitrogen, water, and steam. All pressure relief valves are required to be 
tested on the service medium for which they are intended. Steam valves 
should be tested on steam, and air and gas valves should be tested on air. 


20.1.1 Testing with air 


Most test stands are designed to use air for testing of pressure relief 
valves. Air is nontoxic and readily available. Air is also compressible, 
‘auses valves to relieve with a short pop, and closely approximates oper- 
ating conditions for pressure relief valves in hydrocarbon and other gas 
service. Air is generally used to test safety, relief, and pressure relief 
valves for set pressure and tightness. 


20.1.2 Testing with nitrogen 


Test stands are also designed to use nitrogen for testing of pressure 
relief valves. Generally, nitrogen is supplied in bottles, and these bot- 
tles can be connected to the test stand system. 


20.1.3 Testing with water 


Test stands may be including facilities for testing relief vales with a 
hquid test medium such as water. Water is nontoxic and inexpensive. 
Moreover, water allows close simulation of operating conditions. A 
water test 1s generally used for measuring set pressure, as very small 
water leaks often cannot be detected. Tightness tests are usually con- 
ducted with air. However, leakage tests can be done in accord with API 
Standard 527. 
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Test station Adaptor for mounting safety 
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i~4——_ relief valves of vanous sizes 
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(v2 ~~ Threaded flange 
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Xx 
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———} 6-inch full-area gate or ball valve 
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under that is extended-wrench mounted 
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and 6 feet long 


ve 
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Drain 


Figure 20.2 Layout of air supply system for safety relief valve testing. (From API 
RP 576.) 


Construction. The air supply system should be constructed in such a 
way that air will be available at the possible highest pressure. The air 
pressure can be raised further by injecting water under pressure into 
the test drum until the required pressure is available. 

The layout in Fig. 20.2 shows a single drum. Test drum pressure and 
piping are made of oxidation-resistant materials. Piping from reservoir 
to test stations is designed for minimum pressure drop. 

The test station has been designed for valves with screwed connec- 
tions. A duplicate station for flanged valves can be added if required. 
Flange valves should be secured to the test station by bolting, clamp- 
ing, or use of a pneumatic clamping device. 

The layout in Fig. 20.2 shows the following valves: 


V1: plug valve on pipeline from reservoir to test drum 
V2: globe valve on top of test drum 
V3: gate valve for drain and pressure gauge vent 


V4: gate valve on inlet water pipeline under pressure to test drum 


V5: gate valve on drain line from test drum. 
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Vent the test drum through V3 to approximately 75% of the set pressure 
of the next valve to be tested. Repeat the above steps. 


Pressure gauge Calibration. Pressure gauges used on the test stand 
should give accurate reading of valve testing. In order to ensure accu- 
racy, the pressure gauges should be calibrated from time to time. 

The Dead Weight Tester is generally regarded as the most accurate 
method in calibration of pressure gauges, and is either used as a primary 
or secondary pressure standard. Various models are available in single 
or dual piston models with a range of 0-10,000 psi. Most of the Dead 
Weight Tester has a standard accuracy of 0.025%. A hydraulic dead 
weight tester is shown in Fig. 20.3 

The operating principle of a dead weight tester is simple. When fluid 
pressure generated by a screw pump acts on the bottom of a vertically 
free floating piston, the force produced pushes the load free piston ver- 
tically upwards. The piston floats freely in its cylinder and the pressure 
in the circuit is determined is determined by the weights loaded on the 
piston divided by the effective area of the piston with corrections for 
value of acceleration due to gravity, air buoyancy, surface tension and 
datum level difference. 


20.2.2 Multipurpose test stand 


Where air pressure is not available, a water system may be used to 
test relief valves. The water system test stand generally includes a 


Figure 20.3 A hydraulic dead 
weight tester (Courtesy: TTI, Inc.) 
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High Digital indicator 
volume 
bypass Analog gauges 


In line pressure 
compensation bottle 
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Figure 20.5 Safety relief valve air or water tester—schematic view. (Courtesy Calder 
Testers, Inc.) 


20.2.3 Portable tester 


A portable pressure relief valve tester (Fig. 20.6) is used for testing 
pressure relief valves on site instead of in the shop. This tester 1s suit- 
able for testing range up to 3000 psi. 

The portable unit is complete with test plate, clamps, controls, and 
adapters, all mounted in a heavy-duty powder-coated case with wheels 
and handles. The unit requires only high-pressure nitrogen or air to per- 
form testing. 


Figure 20.6 Portable pressure relief 
valve tester. (Courtesy Barbee Engi- 
neered Testing Systems.) 
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Correction Factor to Compensate for Temperature above 250°F 


Specified set pressure 


Increase in setting 


All set pressures 5" 


Table 20.1 shows set pressure tolerance for pressure relief valves 


under ASME codes and non-code. 


20.3.2 Blowdown 


It may be necessary to make minor adjustments to the warn ring and con- 
trol ring to obtain required blowdown and proper valve performance. 
The following procedures are used to increase or decrease the blowdown 


by adjusting the control ring: 


= If the control ring is moved downward toward the nozzle seat, it 
increases blowdown, sharpens pop action (high lift), and increases 


secondary lift. 


= If the control ring is moved upward, it reduces blowdown. 


TABLE 20.1 Set Pressure Tolerance, Blowdown, and Overpressure 


Set PRESSURE TOLERANCE/BLOWDOWN/OVERPRESSURE 


Set Pressure Set Pressure Blowdown Overpressure 
psig or inches HG Tolerance 
ASME Section | - Power Boilers 
15 to 66 + 2 psig 2 to 4 psig 2 psig 
67 to 70 + 2 psig 2 psig to 6% 3% 
71 to 100 +3% 2 psig to 6% 3% 
101 to 250 +3% 2% to 6% 3% 
251 to 300 +3% 2% to 15 psig 3% 
301 to 375 + 10 psig 2% to 15 psig 3% 
376 to 1000 + 10 psig 2% to 4% 3% 
1001 and higher +1% 2% to 4% 3% 
}——— = 
ASME Section IV - Heating Boilers 
Steam < 15 psig + 2 psig 2 to 4 psig 33.3% 
Hot Water 15 to 60 + 3 psig N/A * 10% 
Hot Water 60 and higher +5% N/A * 10% 
ASME Section Vill - Pressure Vessels 
15 to 30 + 2 psig N/A * 3 psig 
31 to 70 + 2 psig N/A * 10% 
71 and higher + 3% N/A * 10% 
Non-Code Set Pressure Tolerance 
5 + .5 psig N/A * 3 psig 
6 to9 + 1 psig N/A * 3 psig 
10 to 14 + 2 psig N/A * 3 psig 
Vacuum Set Point Tolerances 
Oto9 + 1 inch HG N/A * 6 inch HG 
10 to 19 + 2 inches HG N/A * 6 inch HG 
20 and higher + 4 inches HG N/A * 6 inch HG 


* Contact factory for accurate blowdown setting. 
Courtesy Spence Engineering Company. 
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400 Chapter Twenty 


TABLE 20.2 Acceptable Leakage Rates 


LEAK TESTING (in accordance with API 527) Test Pressures - < 50 psig test at 5 psig below set pressure 
> 50 psig test at 90% of set pressure 


Service Set Pressure psig Size Acceptable Leakage rate 


Metal Seats. Hy eect dice ie tape on nce rae 


Steam 15 - higher - All No audible or visible leakage for 1 min 
Air 15 - 1000 < .307 sq in orifice 40 bubbles/min 
ues aia siaraserxetecconcn ares re _ ... 20 bubbles/min _ ’ 
Liquid 15 — higher < 1" inlet 10 cc/hr per inch of inlet size 
2 1" inlet 10 cc/hr 


_ Soft Seats 
Steam NS pte 
; Air 15 — 1000 < .307" orifice size 0 bubbles/min 
___2 307" orifice size O bubbles/min 
15 - higher < 1" inlet size 0 cc/hr per inch of inlet size 
> 1" inlet size 0 cc/hr 


15 - higher All No audible or visible leakage for 1 min 


Liquid 


Courtesy Spence Engineering Company. 
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Figure 20.8 Leakage rate w 0.3 ft® in 24 hours. (From API RP 576.) 
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402 Chapter Twenty 


TESTING REPORT FOR A PRESSURE-RELIEVING DEVICE 


Fill in this report for each device tested and send this report to the quality- 
assurance group. 


Date tested _ Type 
Device no. Make 


Unit Style 


Location 7 Material 


Size Special material 
inlet Body 
Orifice Trim 


Outlet 


Fill in blanks below on one side only. 


From unit From spare stock or check of new device 


Date last bench tested Set pressure 


Popped at Check pressure 


Set pressure 
Check (dirty pop) pressure 


If set pressure changed, 


new set pressure 


Test used 
Standard 
Dry seal 

Disposition 


To unit 


To spare 


To junk 
Condition 
Leaking 
Stuck 
Fouled 
Corroded 
Tested by 


Figure 20.9 ‘Test report for a pressure relief valve. (From API RP 576.) 


Figure 20.10 Portable rupture disk tester. (Courtesy 
Calder Testers, Inc.) 
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404 Chapter Twenty One 


Cold differential test pressure (CDTP): The inlet static pressure at which a 
pressure relief valve is adjusted to open on the test stand. This test pressure 
includes corrections for service conditions of superimposed back pressure and/or 
temperature. 


Constant back pressure: A superimposed back pressure which is constant 
with time. 


Differential between operating and set pressures: The operating pressure 
should not exceed 90% of the set pressure. It is recommended that the valve be 
set as high above the operating pressure as possible. 


Flutter: Flutter is abnormal, rapid reciprocating motion of the movable parts 
of a valve, in which the disk does not contact the seat. 


Leak test pressure: The specified inlet static pressure at which a quantitative 
seat leakage test is performed in accordance with a standard procedure. 


Lift: Lift is the actual travel of the disk away from the closed position when a 
valve is relieving. 


Maximum allowable working pressure: Maximum allowable working pressure 
(MAWP) is the maximum gauge pressure permissible in a vessel at a designated 
temperature. It is the highest pressure at which the primary safety relief valve 
is set. 


Operating pressure: Operating pressure is the gauge pressure to which the 
vessel is normally subjected during operation. 


Opening pressure: The value of increasing inlet static pressure of a pressure 
relief valve at which there is a measurable lift, or at which the discharge becomes 
continuous as determined by seeing, feeling, or hearing. 


Overpressure: Overpressure is a pressure increase over the set pressure of 
the primary relieving service. Generally, overpressure is expressed as a 
percentage of set pressure. 

Popping pressure: The value of increasing inlet static pressure at which the 
disk moves in the opening direction at a faster rate as compared with 
corresponding movement at higher or lower pressures. 


Primary pressure: The pressure at the inlet in a pressure relief valve. 

Rated capacity: Rated capacity is the percentage of measured flow at an 
authorized percent overpressure submitted by the applicable code. Rated 
capacity 1s expressed in: 

® pounds per hour (lb/hr) or kilograms per hour (kg/h) for vapor; 


® standard cubic feet per minute (scfm) or normal cubic meters per minute 
; EY F 
(Inem/min) or m’/min for gases; and 
® vallons per minute (gpm) or liters per minute (L/min) for liquids. 


Resealing pressure: The value of decreasing inlet static pressure at which no 
further leakage is detected after closing. 


Seat tightness pressure: Seat tightness pressure is the specified inlet static 
pressure at which a quantitative seat leakage test is performed in accordance 
with a standard procedure. 
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Appendix A 


of the size of the valve. The nominal diameter measured at the inner edge 
of the valve seat shall be not less than 1 in. or more than 4'/y in. 


Each safety valve shall have plainly stamped or cast on the body: 

a The name or identifying trade-mark of the manufacturer 

b The nominal diameter with the words “Bevel Seat” or “Flat Seat” 

c The steam pressure at which it is set to blow 

d The lift of the valve disc from its seat, measured immediately after 
sudden lift due to the pop 

e The weight of steam discharged in pounds per hour at the pressure for 
which it is set to blow. 


The minimum capacity of a safety valve or valves to be placed on a boiler 
shall be determined on the basis of 6 lb. of steam per hour per sq. ft. of 
boiler heating surface for water tube boilers, and 5 |b. for all other types 
of power boilers, and upon the relieving capacity marked on the valves by 
the manufacturer, provided such marked relieving capacity does not 
exceed that given in Table 8. In case the relieving capacity marked on the 
valve or valves exceeds the maximum given in Table 8, the minimum 
safety valve capacity shall be determined on the basis of the maximum 
relieving capacity given in Table 8 for the particular size of valve and 
working pressure for which it was constructed. The heating surface shall 
be computed for that side of the boiler surface exposed to the products of 
combustion, exclusive of the superheating surface. In computing the heat- 
ing surface for this purpose only the tubes, shells, tube sheet and the pro- 
jected area of headers need be considered. 


Safety valve capacity may be checked in any one of three different ways, 

and if found sufficient, additional capacity need not be provided: 

a By making an accumulation test, by shutting off all other steam dis- 
charge outlets from the boiler and forcing the fires to the maximum. 
The safety valve equipment shall be sufficient to prevent an excess 
pressure beyond six per cent as specified in Par. 270. 

b By measuring the maximum amount of fuel that can be burned and 
computing the corresponding evaporative capacity upon the basis of the 
heating value of the fuel. 

c By determining the maximum evaporative capacity by measuring the 
feed water. The sum of the safety valve capacities marked on the valves, 
shall be equal to or greater than the maximum evaporative capacity 
of the boiler. 


When tow or more safety valves are used on a boiler, they may be either 
separate or twin valves made by mounting individual valves on Y-bases, 
or duplex, triplex or multiplex valves having two or more valves in the 
same body casing. 


The safety valve or valves shall be connected to the boiler independent of 
any other steam connection, and attached as close as possible to the boiler, 
without any unnecessary intervening pipe or fitting. Every safety valve 
shall be connected so as to stand in an up right position, with spindle ver- 
tical, when possible. 
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Appendix A 


Every safety valve used on a superheater, discharging superheated steam, 
shall have a steel body with a flanged inlet connection, and shall have the 
seat and disc of nickel composition or equivalent material, and the spring 
fully exposed outside of the valve casing so that it shall be protected from 
contact with the escaping steam. 

Every boiler shall have proper outlet connections for the required safety 
valve or valves, independent of any other steam outlet connection of any 
internal pipe in the steam space of the boiler, the area of opening to be at 
least equal to the aggregate area of all of the safety valves to attach thereto. 


Section 2 Heating Boilers 


Outlet connections for safety and Water Relief Valves. Every boiler shall 
have proper outlet connections for the required safety, or water relief 
valve or valves, independent of any other connection outside of the boiler 
or any internal pipe in the boiler, the area of the opening to be at least 
equal to the aggregate area of all of the safety valves with which it con- 
nects. A screwed connection may be used for attaching a safety valve toa 
heating boiler. This rule applies to all sizes of safety valves. 

Safety Valves. Each steam boiler shall be provided with one or more safety 
valves of the spring-pop type which cannot be adjusted to a higher pres- 
sure than 15 lb. per sq. in. 


Water Relief Valves. Each hot water boiler shall be provided with one or 
more relief valves with open discharges having outlets in plain sight. 

A hot-water boiler built for a maximum allowable working pressure of 
30 |b. per sq. in. and used exclusively for heating buildings, or for hot- 
water supply, shall be provided with a water relief valve or valves, which 
cannot be adjusted for a pressure in excess of 30 Ib. per. sq. in. 

No safety or water relief valve shall be smaller than 1 in. nor greater 
than 4'/. in. nominal size. 


When two or more safety or water relief valves are used on a boiler they 
may be single or twin valves. 

Safety or water relief valves shall be connected to boilers independent of 
other connections and be attached directly or as close as possible to the 
boiler, without any intervening pipe or fittings except the Y-base forming 
a part of the twin valve or the shortest possible connection. A safety or 
water relief valve shall not be connected to an internal pipe in the boiler. 
Safety valves shall be connected so as to stand upright, with the spindle 
vertical, when possible. 


No shut-off of any description shall be placed between the safety or water 
relief valves and boilers, nor on discharge pipes between them and the 
atmosphere. 


When a discharge pipe is used its area shall be not less than the area of 
the valve on aggregate area of the valves with which it connects, and the 
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416 Appendix C 


Sheet No 
Requisition No 


BASIS OF SELECTION 
| 5. |Code: ASME Vill [ ] Stamp Required: Yes [| No [ ] 


| other [ } Specify: 
| 6. |Comply with API526: Yes [ ] No [ ] 
| 7. [Fire [ ] Other [ ] Specity: 


a 8 CE SCL a 


VALVE DESIGN MATERIALS, MAIN VALVE 
» Pi [ ] Bellows [ ] 20. Body: 


Seat (Nozzle): 
Resilient Seat: 


PILOT-OPERATED 
PRESSURE RELIEF VALVE 


SPECIFICATION SHEET 


GENERAL 


10 
na 
re | 


Piston Seal: 


Piston Liner/Guide: 


DiaphragrvBellows: 


MATERIALS, PILOT 


ff tlet [ ] Body/Bonnet: 


] Ou 
Internals: 


Diaphragm: 


Tubing/Fittings: 


Cartndge: 


Comply with NACE MR0175: Yes [ ] No [ ] 


Other [ ] Specify: 


SERVICE CONDITIONS 


Fluid and State: 
| 44. | Required Capacity per Valve and Units: 
| 45. | Molecular Weight or Specific Gravity: 
| 46. | Viscosity at Flowing Temperature and Units: 
| 47. | Operating Pressure and Units: 
48. |Set Pressure and Units: 
Blowdown: Standard [ 


40. |Manual Blowdown Valve: Yes [ ] No 
Test Gauge: Yes [ ] No [ } 


] Other [ ] 


Latent Heat of Vaporization and Units: 
Operating Temperature and Units: 


a9. 
Es 
En 


Relieving Temperature and Units: 
| 53. [Built 
Superimposed Back Pressure and Units: 
Cold Differential Test Pressure and Units: 
Allowable Overpressure in Percent or Units: 
Pi 


iF 


square inches 


in square inches 


(i 


up Back Pressure and Units: 


): 


2a (in 


5 
| 57. | Compressibility Factor, 
| 58. | Ratio of Specific Heats: 


endor Calculations ] 


Required: Yes [ ] No [ 
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420 Appendix E 


CX ASME International 


Three Park Avenue, New York, NY 10016 


ASME 
Application for 


Accreditation 
Company: S. as a 
(Company name as it will appear on the Certificate) 
Division: Specs: = in 
(Division, department, etc., iS to appear on the Certificate) 
This application is for the following location: 
Address: _ 
(Give full address) 
~~ Gty””™~<CS~s‘s;S™*~*~*SNS~SstS~S™S:CS ~~ Postalcode 
__ Plant __ New If renewal, complete the following: 
__ Field Site __ Renewal Current Certificate Number(s): Sa eas eae Zee Seca a 
Expiration date: Seo Set ca eee eo. 
Check the Certificate(s) and stamps being applied for: 
= *A Assembly, boilers __ *HLW Lined potable water heaters _ *U2 Pressure vessds, Div. 2 
*M_ Miniature boilers __ HV Heating boiler safety valves __ “U3 Pressure vessels, Div. 3 
_ *PP Pressure piping _ *U Pressure vessels, Div. 1 _ UV3 Pressure vessel safety valves, 
hw *S Power boilers _ UV__s— Pressure vessel safety valves, manufacturer, Div. 3 
__ *E Electric boilers manufacturer, Div. 1 & 2 __ _UV3 Pressure vessel safety valves, 
__ V_ Boiler safety valves, manufacturer == UV Pressure vessel safety valves, assembler, Div. 3 
__ V_ Boiler safety valves, assembler assembler, Div. 1 & 2 _ *RP Reinforced plastic pressure 
__ *H_— Heating boilers _ UD Rupture disk devices vessels 
H_ Heating boilers, cast iron *UM Miniature vessels PRD Laboratory or observer 
* Important: If marked with an * you must complete the following: 
The Authorized Inspection Agency performing our Code inspectionis_ a Rea PRE Ee ae ee ATE A CE 


Special Provisions: Please check if you wish to operate under any of the following provisions: 


O UG-90(c)(2), Multiple duplicate pressure vessels 
a) HG-515.4(b), Multiple duplicate boilers 


O RI-160, Multiple duplicate fiber 
reinforced plastic pressure vessels 


Caution: Please read these paragraphs carefully to make sure you wish to 
operate under any of these provisions before checking a box. Applicants 
who incorrectly check a box may have an inappropriate Team assigned to 
their review, which may increase costs and/or delay the review. 


--— Application must be signed on page 2 — 
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422 Appendix E 


CY, 


(2 ASME International 


Three Park Avenue, New York, NY 10016 


FormD 


Company: 


(Company name as it will appear on the Certificate) 


(Division, department, etc., if it is to appear on the Certificate) 


Location (provide full address): 


Corporate/Mailing Plant Field Site 


Centactfiame: Telephone: __ Se 
WU | ur eh I te Fax: wT a a re he 
E-mail 


Jurisdictional Authority (ifapplicable}: — ride tS 


Authorized Inspection Agency of record (ifapplicable);) _ = 


Recommended hotel or motel for team (provide name, full address, and telephone numbers): 


First choice Second choice 


Miles from airport to lodging: 


Recommended airport to lodging transfer: 


_ Taxi SMCS a ee pet 

__ Limo 

_.. Hotel provided limo MANOS) 6 235 oe a 
___ Rent car 

___ Pickup by company Daten ss ets . ed estes Spsrtestgers er rae ee 


Please provide the following information if Refund of advanced deposit (if applicable) is to be done electronically: 
Name of Bank: ABA Routing Number: 


SWIFT Code:_ : - Account Number: 
Account Name: 
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426 Appendix F 


ASME 


SETTING THE STANDARO 
1880 2e0s 


CODES & STANDARDS 
CONFORMITY ASSESSMENT 


Three Park Avenue tel 1.212.591.9501 
New York, NY fax 1.212.591.8599 
10016-5990 U.S.A. Www.asme.org 


Testing Laboratories Holding ASME Certificates of Acceptance 
For Conducting Tests of Pressure Relief Devices 


CAUTIONARY NOTE: This document is an unofficia' 


ting of the holders of Certificates of Acceptance for Conducting Tests of Pressure Relief 


Devices. As the status of this list changes constantly, caution is suggested in its use. 


ANDERSON GREENWOOD CROSBY 

Alan West, V.P., Engineering 

104 Ilse Ranch Road 

New Taiton, Texas 77437 

(PRD-017) Issued 08/23/02, Expires 05/02/07 
Testing Medium: Nitrogen & Water 

(281) 274-4550 Fax (281) 274-4532 


ANDERSON GREENWOOD CROSBY 

David Tuttle, QA Manager 

43 Kendrick Street 

Wrentham, Massachusetls 02093 

(PRD-001) Issued 02/22/01, Expires 02/27/06 
Testing Medium: Steam, Air & Water 

(508) 384-4640 Fax (508) 384-7984 

e-mail: Dtuttle@tycoepg.com 


BS&B SAFETY SYSTEMS, INC. 

Zhenggang Wang, Design Engr. 

7455 E. 46™ Street 

Tulsa, Oklahoma 74145 

(PRD-019) Issued 05/24/04, Expires 03/30/09 
Testing Medium: Air 

(918) 664-3724 Fax (918) 664-3776 


CONTINENTAL DISC CORPORATION 

Robert J, Doelling, VP Engineering 

3160 West Heartland Drive 

Liberty, Missouri 64068 

(PRD-011) Issued 09/14/04, Expires 08/17/09 
Testing Medium: Air & Water 

(816) 792-1500 Fax (816) 792-2277 

e-mail: bdoelling@contdisc.com 


DRESSER FLOW CONTROL, DRESSER, INC. 

Richard Crichton, Test Engineer 

Research & Development Laboratory 

US Highway 3225 @ 167 North 

Alexandria, Louisiana 71309-1430 

(PRD-008) Issued 05/6/02, Expires 04/12/07 
Testing Medium: Air, Steam & Water 

(318) 640-6209 Fax (318) 640-6096 

e-mail: Richard. Crichton@consolidatedvalve.com 


ENGINEERED CONTROLS INTERNATIONAL, INC. 


Richard Kelly, Engineering Lab Manager 

100 Rego Drive 

Elon, North Carolina 27244 

(PRD-020) issued 01/13/00, Expires 01/13/05 
Testing Medium: Nitrogen 

(336) 449-7707 Fax (336) 449-6594 


A9.30-09/04 LH 


EDF INDUSTRY BRANCH RESEARCH AND DEVELOPMENT DIVISION 
Jean Francois Berail, Water Steam Testing Group Manager 
Mechanics and Technology — MTC Laboratory 
Department Mecanique Et Technologie Des Composants 
EDF Pole Industrie Site Des Renardieres MTC 1 
Moret Sur Loing Cedex 
France 77818 
(PRD-022) issued 04/03/01, Expires 04/03/06 
Testing Medium: Steam 
(33) 1 60736073 Fax (33) 1 60736149 


FARRIS ENGINEERING 

Paul Papa; Director of Engrg. 

Division of Curtiss-Wright Flow Control Corporation 

10195 Brecksville Road 

Brecksville, OH 44141 

(PRD-021) issued 01/31/01, Expires 01/31/06 
Testing Medium: Air & Water 

(440) 838-7690 Fax (440) 838-5194 

e-mail: ppapa@faris.curtisswright.com 


FIKE CORPORATION 

Richard Tucker, Quality Engineer 

704 South 10” Street 

Blue Springs, MO 64013 

(PRD-023) issued 08/28/01, Expires 08/28/06 
Testing Medium: Nitrogen 

(816) 229-3405 Fax (816) 229-5082 

e-mail: Richard. Tucker@Fike.com 


LESER GMBH & CO., KG 

Eckhard Stueber 

Wendenstrasse 133-135 

D-20537 Hamburg, Germany 

(PRD-014) Issued 04/04/00, Expires 12/23/04 
Testing Medium: Air & Water 

(49) 40-25165-172 Fax (49) 40-25165-572 

e-mail: stueber.e@leser.com 


THE NATIONAL BOARD OF BOILER & 
PRESSURE VESSEL INSPECTORS 

S. F. Harrison, Jr., Dir 

of Pressure Relief Dept. 

National Board Testing Laboratory 

7437 Pingue Drive 

Worthington, Ohio 43085 

(PRD-010) Issued 05/04/01, Expires 05/21/06 
Testing Medium: Steam, Air & Water 

(614) 888-8320 Fax (614) 848-3474 

e-mail: harrison@nationalboard.org 
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428 Appendix G 


M . k c 
Gas or Vapor Molecular Specilic Wis Hanwan 
Weight Heat Ratio 

Acetone 58.08 VA2 329 
Acetylene (Ethyne) 26.04 1.26 343 
Air 28.97 1.40 356 
Ammonia, Anhydrous 17.03 1.31 348 
Argon 39.95 1.67 378 
Benzene (Benzol or Benzole) 78.41 1.12 329 
Boron Trifluoride 67.82 1.20 337 
Butadiene-1,3 (Divinyl) 54.09 1.12 329 
Butane-n (Normal Butane) §8.12 1.09 326 
Butylene (1-Butene) 56.11 1.11 328 
Carbon Dioxide 44.01 1.29 346 
Carbon Disulfide (C. Bisulfide) 76.13 1.21 33 
Carbon Monoxide 28.01 1.40 356 
Carbon Tetrachloride 153.82 4.11 328 
Chlorine 70.91 1.36 353 
Chloromethane (Methyl! Chloride) 50.49 1.28 345 
Cyclohexane 84.16 1.09 326 
Cyclopropane (Trimethylene) 42.08 1.11 328 
Decane-n 142.29 1.04 320 
Diethylene Glycol (DEG) 106.17 1.07 323 
Dimethyl Ether (Methy! Ether) 46.07 1.11 328 
Dowtherm A 165.00 1.05 321 
Dowtherm E 147.00 1.00 315 
Ethane 30.07 1.19 336 
Ethy! Alcohol (Ethanol) 46.07 1.13 330 
Ethylene (Ethene) 28.05 1.24 341 
Ethylene Glycol 62.07 1.09 326 
Ethylene Oxide 44.05 1:21 338 
Fluorocarbons: 

12, Dichlorodifluoromethane 120.93 1.14 331 

13, Chiorotrifluoromethane 104.47 1.17 334 

13B1, Bromotrifluoromethane 148.93 1.14 331 

22, Chlorodifluoromethane 86.48 1.18 335 

115, Chioropentafluoroethane 154.48 1.08 324 
Glycerine (Glycerin or Glycerol) 92.10 1.06 322 
Helium 4.00 1.67 378 


Heptane 100.21 1.05 321 
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SUPERHEAT CORRECTION FACTOR, Key 


Superheat Correction Factor, K,s, Total Temperature, °C, of Superheated Steam 


Flowing 
Pressure 
(MPa) 


219.74 | 0.728 
319.74 | 0.729 
3 | 0.741 | 0.729 
4] 0.741 | 0.729 
5 | 0.742 | 0.73 
Le} 
6 
7 


n 


“PRO 
UNONL 
OWOWNe 


0.743 | 0.731 
G.744 | 0.731 
if 0.744 | 0.732 
.757 | 0.744 | 0.732 
0.758 | 0.745 | 0.733 


0.759 | 0.746 | 0.733 
0.759 | 0.746 |} 0.734 
0.76 | 0.747 | 0.734 0.711 
-761 | 0.748 | 0.735 0.711 
0.762 | 0.748 | 0.735 | 0.712 


0.762 | 0.749 | 0.736 | 0.724 | 0.713 


0.763 | 0.749 | 0.737 | 0.725 | 0.713 
0.764 | 0.75 | 0.737 | 0.725 | 0.713 
0.848 | 0.829 | 0.811 0.765 | 0.751 | 0.738 | 0.725 | 0.714 
0.85 | 0.83 | 0.812 0.765 | 0.752 | 0.738 | 0.726 0.714 | 


0.851 | 0.831 | 0.813 | 0. 5 0.766 | 0.752 | 0.739 | 0.727 | 0.714 
0.853 | 0.833 0.767 | 0.753 | 0.739 | 0.727 | 0.715 
0.855 | 0.834 0.768 | 0.753 | 0.74 | 0.727 | 0.716 
0.856 | 0.836 0.768 | 0.754] 0.74 | 0.728 | 0.716 
0.859 | 0.837 0.769 | 0.754 | 0.741 | 0.729 | 0.716 


0.755 | 0.742 | 0.729 | 0.717 
0.756 | 0.742 } 0.729 | 0.717 
0.756 | 0.743 | 0.73 | 0.717 
0.757 | 0.744 | 0.73 | 0.718 


0.758 | 0.744 | 0.731 | 0.719 
0.758 | 0.744 | 0.732 | 0.719 | 
0.759 | 0.745 | 0.732 | 0.719 
0.76 | 0.746 | 0.732 | 0.72 
0.76 | 0.746 | 0.733 | 0.721 
0.761 | 0.747 | 0.734 | 0.721 


0.762 | 0.747 | 0.734 | 9.721 
0.763 | 0.748 | 0.734 | 0.722 
0.763 | 0.749 | 0.735 | 0.722 
0.764 | 0.749 | 0.735 | 0.722 
0.764 | 0.75 | 0.736 | 0.723 


651] 0.75 | 0.737 | 0.723 
66 | 0.751 | 0.737 | 0.724 
66 | 0.751 | 0.737 | 0.724 
65} 0.75 | 0.736 | 0.723 
64 | 0.749 | 0.735 | 0.722 


63 | 0.748 | 0.734 | 0.721 
62 | 0.747 | 0.733 | 0.719 
1 | 0.746 | 0.732 | 0.718 

0.745 | 0.731 | 0.717 
9 | 0.744 | 0.729 | 0.716 


8 | 0.743 [0.728 0.715 
7 | 0.741 | 0.727 | 0.713 
6| 0.74 | 0.725] 0.712 
3 | 0.737 | 0.723 | 0.709 
2 | 0.736 | 0.721 | 0.707 
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0.709 
0.71 
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0.71 
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0.823 | 0. 
0.824 | 0.807 


E 0.825 | 0.808 
0.845 | 0.826 | 0.809 
0.847 | 0.828 | 0.81 
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0.879 | 0.853 
0.861 | 0.855 
0.883 | 0.857 
0.885 | 0.859 
0.887 | 0.86 


0.889 | 0.862 
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0.893 | 0.865 
0.893 | 0.865 
0.894 | 0.865 


0.894 | 0.865 


1| 0.734] 0.72 | 0.706 
9 | 0.733 | 0.719 | 0.704 
0.703 
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48 } 0.732 | 0.717 


0.698 
0.696 
0.694 
0.706 | 0.692 
0.736 | 0.719 | 0.704 | 0.69 


0.828 | 0.802 
0.827 | 0.801 
0.826 | 0.799 
0.825 | 0.797 


SUPERHEAT CORRECTION FACTOR, K,, (CONT'D) 


Flowing Superheat Correction Factor, K,, Total Temperature, °C, of Superheated Steam 


Pressure 
(MPa) 
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API Flanges 


17 
ee 16x o 30 wore ‘pine 
os ij BOAO 
o12 it nee j o~ (for 1/2" bolts) Pe aN 
4 4 
/ A, *, \ © \ 
® a % \ 
.€20.19-” \ 
026.00 \ & | 
= Pia aee oe i= es 
| 923.50 B.C. 
16 x @.75! i 


= 


(for 05/8 bolts) 


17% 
fi: 26 x 035 


© Be Gp bes hy ~~ / (for 1/2" bolts) 


| . | 
\ | + ! | oy 
~g. | __| 12 typi- SAS 
B12 17>} | ds AV 
cut out 2-4 = i 
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API flange 24" round 
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| 1 4 j 32 
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rn 1 | Car 
‘ aie 337i ee " 
ee _jeutout BE 
_y | 414s v2 | 
: = cutout | 


Pp-e-o 914 


API flange 8 x 22 oblong 
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imensions 0 
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DIN Flanges 
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JIS Flanges 


WY ~~ Nominal Size 10 - 225 mm 


Nominal i 
Dia. of a Raised] Dia.of 


Flange Circle 
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FORM NV-1 CERTIFICATE HOLDERS’ DATA REPORT FOR PRESSURE OR VACUUM 
RELIEF VALVES* 
As Required by the Provisions of the ASME Code, Section fil Division 1 
Pg. 1of © 


1. Manufactured and certified by — 


iname and address of NV Cerificate Holder) 


iO) 


{name acd address of Purchaser} 


2. Manufactured for 


3. Location of installation -__- es . ® z . ee 
(name and address) 


4. Vaive @ __________ Orifice size ree eee Nom. inlet size _ @ Outlet size oo ON 
() tiny 


= ASL nen Cee tin.) 


(model no., series no.! 


5. ASME Code, Section Ill, Division 1: _@ ©) QL | 


(edition) (addenda date) (class) (Code Case no.) 
6. Type aC) 1) @ 19) pen; — © 22 
(spring, pilot or power operated) (set pressure, psig) ({blowdown, osi) trated temp.) (hydro. test., psig. 
7. Identification © = (0) __@® @_ 
(Cert. Holder's seria! no.} (CRN) (drawing no.) (Nat'l. Bd. no.) (year built) 
8. Control ring settings cc) 


9. Pressure retaining items: 
Serial No. or identification Mat'l. Spec., Including Type or Grade Tensile Strength 


Body _@® 


Bonnet or Yoke - = 
Support Rods = 

Nozzle sateess a : 

Disk 7 = = 
Spring Washers 
Adjusting Screws 
Spindle 


Spring es 


Bolting 
Other Items - = 


a @ _&) overpressure as certified by the National Board __ @® 


Ipsi) idate) 


10. Relieving capacity 


11. Remarks: s 


CERTIFICATION OF DESIGN 


Design Specification certified by ._ P.E. State 
Design Report certified by P.E. State __ 


® CERTIFICATE OF COMPLIANCE 
We certify that the statements made in this report are correct and that this valve conforms to the rules for construction of the ASME Code, Section 


il, Division 1. 
NV Certificate of Authorization No. .- : .~. Expires 


Date Name =o Signed _ 
(NV Certificate Hoide:} (authorization representative) 


* Supplemental information in the form of lists, sketches, or drawings may be used provided (1) size is 8'/; x 11, (2) information in items 1 through 4 on this Data 
Report is included on each sheet, (3) each sheet is numbered and the number of sheets is recorded at the top of this form. 


FORM NV-1 (Back — Pg. 2 of _©_) 


Certificate Holder’s Serial No. —_____ © 


CERTIFICATE OF INSPECTION 


I, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and the State or Province 


of and employed by 
of have inspected the valve described in this Data Report on and 


state that to the best of my knowledge and belief, the Certificate Holder has constructed this valve in accordance with the ASME Code, Section 


il, Division 1. 
By signing this certificate, neither the inspector nor his employer makes any warranty, expressed or implied, concerning the component described 
in this Data Report. Furthermore, neither the inspector nor his employer shall be liable in any manner for any personal injury or property damage 


or a loss of any kind arising from or connected with this inspection. 


Date Signed Commissions pe ns Oss a et 


(Authorized Nuclear Inspector) [Nat'l. 8d, (incl. endorsemants) and state or prov. and no.) 


Lop 


‘eyep JUSLOYJNSUI Soyeorput soeds yuelg 
pepueulu0de1 ON = N d0UBSISOL ITB =O 
ddUBYSISOL POO) = YF QOULISISOL JUIT[IOXY = VY 


:SMOOTJ SV 918 JTBYD BY} UL posn sfoquiAs oy, ‘SUOT}eoTTdde snoLea 
IO} S[BL19JEUL SUTJETOS 1OJ opIns vB Se pasn aq ABW 4AVYD SUTMOTIOFJ OU, 


epIns soue]SISOy UOISO1IO4 


xipueddy 


SSBB S222 RZe2 e282 R228 3232 28 “8 teee eee ge a 
ecesSas 5S 522723333838 B3B3B3B5 5 <6oOSrS SF ES & 
3325; 2 e® oO rppreoseseseseseeee es ® 2 oo Qa 
a SFoOoBRBB222222° 3 5 0 > YP PP PY to) 
oO 9 ry OF? 8S Oeeee&e eee & S p a 567 65.8 mo wm $ 
= 2 ee. seas 333332035 Zeaqaacsox 
on Qaprdayna oO 8 ro! ant mnao om Ee ED 
= 6 pm 2 nnvVV UO = 5 So< OS © © © 
as =a 2 ecw srvsvr oO x & Fs a® @cecegaz2 
o az Se Se eq k ss oe ss aaa 
o g @zsessgEe25 3 S£* ess 
a Ros Sis Oo S Sj 2 ae Te SS 
@ oS ® SB > & a = 
ooo 8 — oa 
y= = meer 

FOE 

ao) 

PJ 

& 
QO Or 2Z2HeH|SAOOO OG 22> Ott aas W QO > +> FO 22 ZA ae 2 oO 
Qmwnw2zrZzaoaowvanzoaorvuazazanwrwvdavrirraqadza® = wm OO 2 
O,r PrP OUreazarewvwaoren2zuvorrernorrprrYrrprrrrdaDda rworYrpYpr w 
or prPrrprproaorrrrwv1worrrprrgwaw,r,re,rrYrrpprprorYrs,p > PY 
> oO Ooaunowononndonoo wo Owonowr Fer SZAZAS2Za2z PTZ 
oOo,r rPwre2Zz=reo0uwm7rqaozure,rrore,rerrrererda7d >worYrrYr Ww 

ow ww wo 

> w ive] 2 Ow > > > rrp > > wD > > YP PY 
COU OaS2a Oa a2 2eO 2206 220 2] 2S oe 2 oe eee ee 
OND. OA a ee a ee a OOO ee OOO: ee eS OO, 2a ee 2 22] Oo oO 2 
COD ©: 2D 2 oa 42 2 22 OOO SS SO Ss PS or2zreu02222F 02 
Oawo22 oaonmognonwvnwvwnr ry yp ooworvr2zrYrr,yrwo r2z22z>PprpPp 
CoG) CD 22z2220)P 77> 72> YP OemQOo no 2 2 2.0 2 me Sr = 
oo rw w orre2zrr,rr,Yry,Yr,Yrp 2a2zrprr2z2022 oanq 


a 
rs 
NO 


7 xipueddy 


443 


Corrosion Resistance Guide 


«tz 


OO000 Zacqcacqmnoaezzzqamgacaoo0ozz000 ZOQNaZ2mg0NOCZZZ 
~ Lo) 
8 tes o 
fe} = @ zs © 
3 © = n 25 $21) 
eg o ot e Ua 
Ogg 5588 ZemooVFeS AFZH5G 
o2 2535 3. 6 5 EcgeuxsStsr oot Ve2 
D¥o GD S25 acs BoP®iSgEs gesxeay, 
Oe 3385 S53 osfPoosSRatAvesztogarx 
S®aanwrits 2 2 ss eoeetee Rese s eR eBES 
6vsslusge o> 52 os 2GLE SFSGCOCSESERSEEDL 
COFZHOGESSESES BS X¥pDOOOTIHV Ot AAASL ZG 
EFEEE PERV C eC LF o sec eee SSS eoseccessgs 
2222282 5G RSBLECSSSSSSTISTSSERERRBES 
CSTHKGTHGHHOORHM FHF GF LLCSFSSSSHHHTHKEHTHHTHKEHHKTEHS 
DQDON9OMDODODAMDADAMHAMDAGHADAAMMAMVIVVOVDVOODVODVOOO090000 


Casein 


Castor Oil 


Caustic Soda 


Caustic Solutions 
Caustic Potash 


Ce 


lulose Acetate 
lulose Nitrate 
ina Wood Oil 


loracetic Acid 
lorbenzol 


Ce 


Ch 
Ch 


TOOONOOHOTAAATNATMAAAAMAAAAMNMMAMoOVTDODDDDODDADAAADAAAAAAADD 
SezreomnoogceasS P< gsgaoanueeeeeesrssrsgsrgg cs 8Seoeegsesesezazezrzaszrsas 
Ss<gse Segre eo335 538 Foc eRR 2S EEE25E4 GES GFR APSF RES IT HOES OS 
PROESEEM OR FPS ZASQEC SS SFR APR OFS TSE 3 OC oe & 35 q23 253 2 6 8 Co 
See 7- Se FHS PaeSSCsFFFoZOSCZRes RS OSTRES FSERFLRSFRREL* 3 FA% 
5S of on fF 8 S2sg nokz aa 33 =>y 8 o Soa kSsa aa 8 = Co,’0 
O98 pS 8 8228 esos er oeess 8 & F oF GBHaRLE fb MoS, 
ae @ 2 a8 6 VSegceR FEES F&F 9 BD =” 328256 “EM, 
3 2 5 =~ Based © 8852 = 8 — = FS 
gS ae a @ © Som . Pa : 3 Vs *O/, 
x o az ~— a eH = @ 
os = fo) a. 2 
+o a 
%, 
Use, 
= uz = Se, S4 
—€OMg 
DrOoOZrrznanzz2z2Z2>~,z2z22z202Z2Z2Z222Z2zZ20022YFP 2000 > B22 Boze sz s Ops 4 
—-- Ouar,. 
Ty 
BrmaZzrrzrzZz0ZOrFZYOZZZZ2Z0F>02 FORTY >Z22020Z>% NS RO 
Sacks . S Cage <96 Se. 
: Ni 
rPrRrPrrrrrTrraAaNarrooroazoDoZOrrorvryrrrrrrr YOZZWZYrZZ Wis 
= = - — - - —- 3 Ja30S5 ~~ ky ~~ 
>rPPrPrPrPPrrPrOrr>r DFYFAZPPYrPAZPPrPPOPYPSE YS SPP rPPrPrrPrDOADOFO Pig 
s, ™. 
—_ — - ————— — — — = a eg. Cages 
orrZz>r>b FOP ZOD Oo se > 2 wo> SP TDOr> FSA VSO 20 SN Os 
eo <A 
>PrrrrrrrroagorroanoraznnzwoarroryeorOrrrrrr FHOZZWZYZZ OSs 
in . 
— — -—— ae Foy ~~ . 
z z Se a 
“ _— = i = - oe - — . i age Me 
> > ODD oO > > > > DZPO0 oe 
No _ 
- = oe - ess a = Meg ~~ . 
rPOr Zr Z2n0ToZno2> 220 282222200 VTP HO ZOZZO2Z Zowzz0222> Mey Shag 
zs : ss ORR _ 
Rag SN 
rPrrzrzoanzwazerzzZz20 OZO0ZZZ0F>HOUDFOZTZZOZ ZWZZWZZZ> See Ss: 
_ a _ = oe _ _ By . he 
Oy. 
rPrrZzrzanonzoazyZ2Z20 OZ2ZOZZZOFAOWFOZWOZZOZ ZWOZZWZZZ> ane ae 
7 SrasSe : aos . Rags, 
ZrPrrao 22> Oo ODOrFrFYFZOYPOZWZZZOVOAZPYFYFOPZOPYZZ Se OS 
ice Say ~ Ss 
Or>r>rODODWOZYO OO D PROT ZSPSZTOZZOMQOZSEMOF>ZZOZZ Tie — 
es owe _ Syaewe:) ~ Ve ~~. s 
SO 
rPOrorroawrrzz rFooaDODUNDO>vDOF FHROYYMYD >>bOD DY > > 


vbr 


7 xipueddy 


445 


Corrosion Resistance Guide 


b, g. 
has’d 
“Reps 
by 
O14, 
Ais No, 
6.5 > 


Hydraulic Oil (Synthetic) 


Hydrazine 


Hydrobromic Acid 


Hydrochloric Acid 


Hydrocyanic A_id 


Hydroflouric Acid 


Hydrofluosilic Acid 
Hydrogen (Gas) 


Hydrogen Chloride (Dry) 


Hydrogen Chloride (Wet) 
Hydrogen Fluoride (Dry) 
Hydrogen Peroxide 


onmza0oz az2aaaqaazzzz2z2z2<2z2z2z2m0mM00Oo 
Ss 
2 oa 
{@) oa o 
ce 2 £es2,88 
c oOo yc ® = 

hoo) = 2eet o 
55 . egeesss 88 
22a {e) == = oc ae] 
55 wo 2 =~O0O9OTTZ2Z90H 2g = o 
an Bo SBSODPRDAEEEEERVLOSO 2 5 
© co 2 > SEvEESsa2222 35 ai = 
S3&s22 zo 35055 GH DGD Sevwrsgons 
SSs5SSSSR2 LHF SSSISSSSGCRSSESSEE 
SSE SES TSS vy esEESSESSSS ORC OL LLEE 
BeEsegezesseeeEseeEscseaoPV~sIssesestsesocsss 

CT ee ee i a | CSC Oo 
Pre e~ SS SESSS855ZB3RBSsSSESESESESESS235S5322 


nT 


Nickel Chloride 
Nickel Nitrate 


Nickel Sulphate 
Nitrating Acid 


Nitric Acid (Crude) 


CELE P PPP PPLE PLL LLOP POP PPE T PPP IS STP PeegeTsOQzZEZ is 
eacgcagcacdgaagcas fF 555 2tMsraggasassaapapo 255553 55 02 5 FE a 
eeeeccececeeccec cre sie PGSS7HRSBVBRSBSRBBBRBBRBSCEEELSSB2R SS? Co 
SSSSSSIIAAISS HF Z2QOP* tes SBKEELCKCSEFESFeeZ €EtAtGspSF 8 NR 
TIMNYQVGNVOOBBPBrFPER TE = p> 903333333333 3 333 0n Q2n & £0,705 
Sees SS9 eG aee Ref @ 2 3 a x ro) =m = ® a 8 Np ly, 
Be<sSocaegeEecH#®RZRoacseeE = a BYOZIFTVIOROOOBPLS CG6B"A 25 Op Ve > 
oPeAzFezRBoVDDTG SB? o oO - S558 6S85 22895 0 o = 2 = 70n/Me, ao) 
x2Oo OO 7% 5 5356 2 OD o op @saS eos 3 2 3 = = Neko, 
ZR 0 oO ® 2 DB > = a sereSggoRB238 82620 o > & SS “Z, xe} 
2° = es f=, » 02x og 2 a Ds 4 
= Oo eo? fg @ O a. a >230%9%5 2 o oO © 
= = 2 oO = o& oo pm @ = OO 8 
@ o Cc Qo 2 oO a 2S > 
a = ® o&§ @ a 
= @ 2o~ x 
Yy r 
OAN 
: ——~Sep"ig 
ZOZOOOFZZWPYFZWOAZZAZZ ZZOPFYFAZWZONOZOWMOZZAZAYYFOMAOFZOZ ON < 
— —_—-— -- —— - OV APY 
‘> 
ZOZONOFYFZZAPrFYrAYFAZZZAZOANZZWIAFAYFZOAONDWDZWNDAZZAZAYYFWAOWAYAYZ PR 
os 3 — - = aS "hp, Bon, “s 
NONN000 THMAMAMDAYFKPYKYOYFZOY roaoarrawoorowmwrrowmanwmorrrroararz ao VS. 
: ade Boiss ee 
DOroanawworrwrry py rz2zo0rrrrarrraworwawrrrrwmarrrrprrrrprppyp RRO ON 
— = “= . _ : ss Case SS 
Zz> >O PF Y> ome) >DO FPF DBD BD DBO oO FF BD BFO BD Po a 
Ss = — susitany 4g OS. hig 
Sag 8S 
AON0nN0N90 TWAWAAWYYY rZzO>,> rowWDrrowDoOoOrFoODrrowwrrrrworwry rd gn. bes. 
Pas. — 
Co a : i: * 
z 2 > z Be ae 
2 = — eae ~o%, ~ . 
a ~ 
fe) o no wo +> roOOo oO > > oor>y>r>a > ie 
ma: Sk, 
a Ps 
ZZOZONOONOTZZFWOWMWOZZZZW@DOAWMAFOWFAZZZOZWANDZYFPFOONWOAF AD Fos Mee Ne 
- i oe 
O00 ZWOABZZYFWMWWOAZZZ rPrUanoanoarorrzzzawazaoqozrrzzoorooazd a Se 
- - ‘®o, ~~ ~ 
~~ 
O90 ZWOFZAZAYFWWAZZZ rPOWDBDOrorFrZZaZDWDZWOOZHYFYFAZAODNFWVOZ cae Say. 
ae ‘ ee ae > 
orrrrmnrrorrrprp > o> > Zz22>> rPPrrrrroawzzaZzaZzoerrZzaZz Pam Se 
oa5 i = yy > Ss, 
we : 
DDOFrFPrFOPFYFAYOD>Y > ZwYrp nw >> Dr>F POQODZWAWOOFOPrFAZZ en Pe 
er ~ (i 
SOB, OSS 
>Zz>o nono rwr> zy >> D oO oo DWDOoOOoOwoarroaroaroarrroz > pte 
- ees — ae ee ip — 
OWN 
i a 
> a 


447 


Corrosion Resistance Guide 


b 
“axpNo, y 
y Lig 
Sy, 
5 


Sodium Nitrate 


Sodium Nitrite 


Sodium Perborate 
Sodium Peroxide 


Sodium Phosphate (Mono) 


Sodium Phosphate (Di) 
Sodium Phosphate (Tri) 


Sodium Silicate 


Sodium Sulphate 
Sodium Sulphide 
Sodium Sulphite 


Sodium Thiosulphate 
Stannic Chloride 


Stannous Chloride 


Steam, 212F 


Steam, 600 F 


n 

wn 

Ss 

Oo 

7 = 
cD SS xs 
as ss 
SooeVXF 
Beeess 
2x xXx oo 8 
cS 8.2 <4 f < 
OQAQFouovoo 
ek ce & ee eS 
53.5 3°35. So SS 
e22e222222 


Su 
Su 
Su 
Su 
Su 
Su 
Su 
Su 


Sulfuric Acid, 93-100% 
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Water 
Saturation Pressure/Temperature 
(psia/kpaa/bara) / (°F/°C) 
Table T7-8 


|  -Pressure-_[ Temperature] [Pressure __| Temperature | 
‘psial_kPaa| bara} degF [deg C| |"psia| kPaa| bara [deg F/ deg C| 


_.Pressure 


Temperature 
deg F|.deg C 


101 | 1.01 


| 230 

103 | 1.03] 213.3| 100.7 240 
| 20} 138] 1.38] 228.0] 1089, | 250 
| 25| 172) 1.72] 240.1] 115.6 260 
/ 30} 207] 207] 250.3} 121.3 270 
35 | 241| 2.41] 259.3) 126.3 280 
40| 276| 2.76| 267.3! 130.7 290 
45 | 310| 3.10] 274.4] 1347 300 
50 | 345| 3.45] 281.0] 138.3 320 
55 | 379| 3.79] 287.1] 141.7 340 | 

| 60} 414| 4.14] 2927) 144.8 360 | 
| 65} 448| 4.48] 298.0] 147.8 380 | 
70| 483] 4.83] 3029] 1505| | 400 
75, 517| 5.17] 307.6} 153.1 420 
80 | 552} 5.52] 312.0} 1556! | 440 
85 586 | 5.86] 316.3] 1579: | 460 
90, 621! 621] 3203] 160.2, | 480' 
95 | 655| B58! 24.3] 162.3/ | 500! 
100 | 690} 6.90} 327.8| 1653] | 520 
105 | 724 | 7.24] 331.4] 166.3| | 540 


110] 758 | 7.58 
115 | 793| 7.93 
120| 827 | 8.27 
125; 862] 862 
896} 8.96 
135 | 931} 9.31 
140 | 965) 9.65 
145 | 1000 | 10.0 
150 | 1034 | 10.3 
160 | 1103 | 11.0 
170 | 1172 | 11.7 
180 | 1241 | 12.4 
1310 | 13.1 
| 200 | 1379 | 13.8 
| 210) 144g | 14.5 
| 220 | 1517 | 15.2 


334.8] 168.2} | 560 
338.1] 170.1} | 580 
3413/1718! | 600 
344.4| 173.6 620 
347.3] 175.2 640 
350.2| 176.8 660 
353.0| 178.3 680 
355.8| 1799 700 
358.4| 181.3 720 
363.6! 184.2 740 | 
368.4| 186.9 760 ' 
373.1| 189.5 780 . 
377.5| 191.9 800 | 
381.8| 194.3 820 | 
385.9] 196.6 840 
389.9] 198.8 | 860 
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O.2 Power and Heat 


1 British thermal unit (Btu) = 778 foot-pounds (ft-lb) 
= 0.252 kilocalorie (kcal) 
= 107.6 meter kilogram (mkg) 
= 1,055 x 10° joules (j) 
1 therm-hour = 100,000 Btu/hour (Btu/h) 
= 39.3082 brake horsepower (hp) 
= 2.9873 boiler horsepower (bhp) 
1 calorie (cal) = 3088 (ft-lb) 
= 3.968 Btu 
= 4,186 j 


1 joule () = 10' ergs 
= 9486 x 10° Btu 
= 0.7736 ft-lb 
= 1 watt second (W:s) 


1 kilowatt (kW) = 3414 Btu/h 
= 1000 W 
= 738 (ft-lb)/s 
= 1.341 horsepower (hp) 
= 102 mkg/s 


1 kilowatt-hour (kWh) = 3414 Btu 

= 860 kcal 

= 2.665 x 10° (ft-lb) 
3.6 x 10°; 


1 megawatt (MW) = 1000 kilowatts (kW) 
1 horsepower (hp) = 33,000 foot-pounds per minute 
= 550 ft-Ib/s 
= 0.746 kW 
= 746 W 
= 76.0 mkg/s 
1 horsepower-hour (hp-h) = 2545 Btu 
= 1.98 x 10° ft-lb 
= 64.17 kcal 
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0.4 Temperature 
°F == (1.8 x °C) + 82 


°C = (°F - 32)/1.8 
"e = °F + 460 
°K 3 °C +273 


0.5 Density of Water (at 62°F) 


1 cubic foot (ft°) = 62.5 Ib 
= 7.48 gallons (gal) 
1 pound (lb) = 0.01604 cu ft® 
= 0.1198 gal 
1 gallon (gal) = 8.33 Ib 
= 277.3 cubic inches (in*) 
1 long ton of water = 36 ft° 
0.6 Length 
1 inch (in) = 2.54 centimeters (cm) 


= 25.4 millimeters (mm) 
1 foot (ft) = 12 in 
= 30.48 cm 
1 yard (yd) =a Bi 
= 0.914 meter (m) 
5280 ft 
= 1760 yd 
= 1.609 kilometers (km) 
100 cm 
= 1000 mm 
= 1.094 yd 
= 3.28 ft 
= 39.37 in 
1 kilometer (km) = 1000 m 
= 0.621 mi 


1 mile (mi) 


1 meter (m) 


LZSv 


Wy E8'T = 

¥ 0809 = 

{UI SST'0= 

,uw OOT = 

2 9L'O1 = 

zPA 961 TT 
412 000‘0T 

7 OT X L¥O'F = 
;PA OF8P = 

23 099'€F = 

{4 01 x 069°S = 
zPA ,OT X 860°E = 
ZU 0629'S = 
$3198 OPO = 

4 9€8'0 = 
6= 

4 6260'0 = 

{Ul PPT 

2 ¥¥6900° 
{U9 eh'9 


SUOISJOAUOD UN 


a[TW [BOLyNeU T 


(Wid) LeyeuIT}Ua9 orenbs [ 


(Wi) teqzeur oienbs | 


a10B T 


(tur) aptur erenbs | 
(,p4) pred orenbs | 
(9) y00} erenbs [ 


(ut) yout aaenbs [ 


ealy LO 


458 Appendix O 


0.8 Volume 


1 cubic inch Gn’) 


1 cubic foot (ft) 


1 cubic yard (yd’) 


1 cubic meter (m’) 


1 imperial gallon 


1 U.S. gallon 


1 liter (1) 


= 16.39 cm® 

= 0.0005787 ft® 
= 1728 in® 

= 28.32 liters (L) 
= 0.02832 m° 

= 27 ft” 

= 0.765 m® 


= 1000 L 

= 1.308 yd® 

= 35.31 ft° 

= 277.4 in® 

= 4.55 L 

= 0.833 imperial gal 
= 3.786 L 

= 231 in® 

1000 cm® 

0.22 imperial gal 
= 0.2642 U.S. gal 
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26. Bronze Safety Valves. Conbraco Industries, Inc., Matthews, NC. 

27. Plumbing and Heating Products, Conbraco Industries, Inc., Matthews, NC. 
28. Safety and Relief Valve Products, Kunkle Valve Company, Stafford, TX. 

29. Rupture Disc Selection Guide, Continental Disc Corporation, Liberty, MO. 
30. Rupture Disc, Fike Corporation, Blue Springs, MO. 

31. Custom Engineered Pressure Relief Devices, Oseco, Inc., Broken Arrow, OK. 
32. Rupture Disks, Zook USA, Chagrin Falls, OH. 

33. Rupture Disk Selection Guide, BS&B Safety Systems, Inc., Tulsa, OK. 

34. Rupture Pin, Rupture Pin Technology, Oklahoma City, OK. 

35. Buckling Pin, Buckling Pin Technology, Oklahoma City, OK. 


Other References 


36. Introduction to Safety Valves, Spirax Sarco, U.K. 

37. Electronic Relief Valves, Valvtechnologies, Inc., Houston, TX. 

38. Pressure Relief Valves, Midland Manufacturing Corp., Skokie, IL. 

39. Nuclear Valve Resource Guide, CCI Switzerland. 

40. Pressure/ Vacuum Relief Valves, Knardo, Inc., Tulsa, OK. 

41. Valve Repair Machine, Climax Portable Machine Tools, Inc., Newberg, OR. 

42. High Performance Valve Testing Equipment, Calder Testers, Inc., Houston, TX. 
43. Trailer Tanks, Chart-Ferox, Germany. 

44. Valve World, a valve magazine published from the Netherlands. 

45. The Engineering Tool Box, a Web site for engineering resources. 
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Blowdown, 
defined, 403 
and shop testing. 398-399 

Blowdown adjustment, 3538 

Blowdown pressure, 408 

Blowdown ring, 109, 111 

Body (see Valve body) 

Boilers: 
accidents involving, 38-5 
ASME boiler code (1914), 2, 407-411 
(See also Heating boiler pressure relief 

valves; Power boiler safety valves) 

Boiling-water reactors (BWRs), 257-259 
main steam line, safety valves on, 

257-259 
reheater safety valve for use with, 259, 
260 

Bolting, 328 

Bolt-on jackets, 50 

Bonnet: 
design of, 114-115, 121 
pressure relief valves, 47 

Brass, 90 

Breaking pin, 403 

Breaking pin devices, 16-17 
capacity of, 145 
for transport tanks, 287 

Bronze, 90, 91 

Buckling pin devices, 17 

Buckling pin relief valves, 84—87 

Built-up back pressure, 112, 113, 403 

Burst pressure, 405 

Burst sensors (rupture disks), 80-82 

Burst test, 286 

BWkRs (see Boiling-water reactors) 


, 


Calibration (of pressure gauges), 394 
Cap, pressure relief valve, 47 
Capacity, rated, 404 
Capacity certification: 
of nuclear-system pressure relief 
valves, 268 
of power boiler safety valves, 195-199 
coefficient-of-discharge method, 
197-198 
slope method, 196—197 
three-valve method, 196 
of pressure relief devices for use with 
pressure vessels, 242-244 
of pressure relief valves, 133-138 
coefficient of discharge method, 
136-138 
in combination with rupture disks, 
1388-139, 145 


for pressure vessels, 240-244 
slope method, 136 
three-valve method, 136 
of rupture disks 
for use with pressure relief valves, 
145-146 
for use with pressure vessels, 
250-251 
Capacity requirements: 
for heating boiler PRVs, 219-223 
coefficient method, 219-220 
and fluid medium for tests, 222 
safety and safety relief valves, 
222-223 
slope method, 221 
stamps, 219 
test data sheets, 223 
three-valve method, 222 
T&P safety relief valves, 222 
for power boiler safety valves, 189-199 
certification, capacity, 195-199 
checking, capacity, 198-194 
relieving capacity, 190-193 
verification of capacity, 193-194 
Cast irons, 91, 92 
Cast steels, 92, 93 
CDTP (see Cold differential test pressure) 
Certificate of Acceptance (for test 
laboratory), 138, 134 
Certificate of Authorization: 
for HV symbol, 217, 218 
for NV symbol, 269 
for TD symbol, 284-286 
for TV symbol, 282 
for UD symbol, 253 
for UV symbol, 130, 132 
for V symbol, 130, 131, 199-200 
for VR symbol, 378 
Certificate of Competency, 364—365 
Certificate of Conformance, 141, 142, 200 
Certification of capacity (see Capacity 
certification) 
Certified Individual (CI), 140 
Chatter, 403 
CI (Certified Individual), 140 
Cleaning (of parts), 382 
Closed-bonnet type safety valves, 61 
Closing pressure, 120. 403 
Codes and code requirements: 
for heating boiler PRVs, 207, 209 
for installation of pressure relief 
devices, 307 
international, 19-20 
and jurisdictional authority, 20-21 
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DISK holder, 

pressure relief valves, 47 

rupture disks, 80 
Dismanting and disassembly, 347 
Documentation of repairs, 386, 387 
Drain (power boiler safety valves), 183 
Drain piping, 327 


Earthquake loadings, 121 

Electronic relief valves (ERV), 11—12 
Electronic valve tester (EVT), 367 
ERV (see Electronic relief valves) 
EVT (electronic valve tester), 367 


Fire sizing, 294—302 
for liquid hydrocarbons, 295-299 
standards for, 295 
for vessels containing gases, 299-302 
Fired pressure vessels, 2 
Flanges, dimensions of (table), 483-436 
Flow area, 116-117 
Flow rate, unit conversions for, 453 
Fluid medium for tests (capacity 
requirements for heating boiler 
pressure relief valves), 222 
Fluid properties, 1538, 154 
Flutter, 404 
Ford Motor Rouge complex boiler 
explosion (1999), 4, 5 
Form NV-1, 439-440 
Forward-acting rupture disks, 128-124 
French, John, 2 
Full-bore safety valves, 10 
Full-lift safety valves, 9, 58 
Full-nozzle valves, 115 
Fusible plug devices, 18 


Gag: 
pressure relief valves, 48, 49 
safety valves. 62 
Gases: 
fire sizing for vessels containing, 
299-302 
physical properties of (table), 428-429 
sizing of PRVs for, 156-163 
and critical flow in general, 156-159 
and critical flow of steam, 159-161 
subcritical flow, 161-162 
subsonic flow, 162-163 
Gasket (rupture disks), 80 
Gasketing, 328 
Glauber (mechanical engineer), 1 
Graphite rupture disks, 79-80, 124 


ro eee ee 

Aruidae: 
power boiler safety valves, 183 
pressure relief valves, 47 


Hand lift testing, 337 
Hastelloy, 98 
Hastelloy C, 93 
Hastelloy C-276, 93 
Hastelloy X, 93 
Heat, unit conversions for, 454 
Heat shields (rupture disks), 82 
Heating boiler pressure relief valves, 
205-223 
capacity requirements for, 219-223 
coefficient method, 219-220 
and fluid medium for tests, 222 
safety and safety relief valves, 
222-223 
slope method, 221 
stamps, 219 
test data sheets, 223 
three-valve method, 222 
T&P safety relief valves, 222 
code requirements for, 207, 209, 
410-411 
design requirements for, 207-216 
hot water boilers, 211—212 
hot water heaters, 213, 215 
location of valves, 216 
material selection, 216 
and mechanical requirements, 215 
steam boilers, 208-211 
tanks and heat exchangers, 213 
manufacture and inspection of, 
216-219 
manufacturer’s testing of, 218 
High-lift safety valves, 58 
History: 
of pressure relief valves, 1-2 
of rupture disks, 70 
Hot water boilers, safety relief valve 
requirements for, 211—212 
Hot water heaters, safety relief valve 
requirements for, 213, 215 
Huddling chamber: 
pressure relief valves, 47 
safety valves, 61 
HV symbol, certificate of Authorization 
for, 217, 218 
Hydraulic lift assist device, 62 
Hydrofluoric acid services, material 
requirements for, 97, 103 
Hydrostatic testing, 123, 340 
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Maintenance, 345-361 


assembly, 3847-348 

blowdown adjustment, 353 

and determining causes of improper 

performance, 354-358 

dismanting/disassembly, 347 

in-line, 350-351 

pretesting, 347 

preventive, 352 

procedures for, 346-348 

repairs, 347 

routine, 348-349 

seat tightness test, 354 

and spare parts, 358, 360-361 

and storage, 361 

testing, 348, 352-354 

and valve specification records, 346 

Manufacturer, testing by (see Production 

testing) 

Manufacturer's data reports: 

Form NV-1, 4389-440 

on nuclear-system PRVs, 269 

on pressure relief valves, 141, 142 

on rupture disks, 149 

Manufacturing, 129-149 

of heating boiler PRVs, 216—219 

of pressure relief valves, 130-142 
and capacity certification, 1383-139 
and data reports, 141, 142 
and inspection/stamping, 140-141 
test laboratories. use of, 131-133 
and testing by manufacturer, 139 

of rupture disks, 141-149 
and capacity certification, 145-146 
and data reports, 149 
and manufacturing ranges, 144 
and marking, 147-149 
and production testing. 146-147 
and rupture tolerances. 144-145 

of rupture disks for transport tanks, 

284-285 
of transport tank PRVs, 280, 281 
Marked burst pressure, 405 


Marking: 


of nuclear-system PRVs, 269 

of pressure relief valves. 122. 123 

of pressure vessel PRVs, 246-247 

of pressure vessel rupture disks, 
253-254 

of rupture disks, 147-149 

of rupture disks for transport tanks, 285 

of transport tank PRVs, 281-282 

(See also Stamping) 


Materials. 89-107 
for heating boiler PRVs, 216 
improper performance due to 
misapplication of, 8357-358 
for power boiler safety valves, 184 
for pressure relief valves, 89-1038, 
105-106 
bills, 94, 95, 97, 99, 101 
cast trons, 91, 92 
cast steels, 92, 93 
copper alloys, 90-91 
nickel alloys, 93 
selection, 96 
for pressure vessel PRVs, 242 
for rupture disks, 103-104, 106-107, 
284 
bills, 106 
selection, 103, 107 
for transport tank PRVs, 279, 280 
for transport tank rupture disks, 284 
Maximum allowable working pressure 
(MAWP), 23, 53, 62-63, 118, 119, 
144, 371, 404 
Mechanical requirements: 
heating boiler PRVs, 215 
for power boiler safety valves, 183-184 
pressure vessel PRVs, 241 
Metal-seat safety valves, 27-29, 59 
Minimum net flow area (MNFA), 127 
Mixed phases, sizing for, 175-176 
Monel, 93 
Monel K, 93 
Multiple valves, sizing of, 168-170 
Multipurpose test stand, 394-396 


Nameplate (indicating repairs), 386 
New installations, inspections of, 366 
Nickel 200/201 (nickel alloy), 93 
Nickel alloys, 98 
Nitrogen, testing with, 390 
Nonreclosing pressure relief devices, 
14-18 
braking pin devices, 16-17 
buckling pin devices, 17 
fusible plug devices, 18 
rupture disks, 15-16 
shear pin devices, 17, 18 
Nozzle: 
of pressure relief valves, 47, 115-116, 
121 
safety valves, 61 
Nozzle area, 117-118 
Nuclear reactors, 255-263 
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Piping: 
discharge, 316-823, 358 
drain, 327 
inlet, 309-317 
power, 323-325 
vent, 327 
Piston (pressure relief valves), 48 
Plug devices, 18 
Plugging, 357 
Pop-action safety valves, 56-58 
Popping pressure, 404 
Portable testers, 396-397 
Power, unit conversions for, 454-455 
Power boiler safety valves, 179-203 
capacity requirements for, 189-199 
certification, capacity, 195-199 
checking, capacity, 1938-194 
relieving capacity, 190-193 
verification of capacity, 198-194 
certificate of conformance for, 200 
certification of capacity of, 195-199 
coefficient-of-discharge method, 
197-198 
slope method, 196-197 
three-valve method, 196 
code and design requirements for, 
182-189 
ASME boiler code provisions (1914), 
407-410 
material selection, 184 
mechanical requirements, 183-184 
number of safety valves, 184 
organic fluid vaporizer safety valves, 
189 
reheater safety valves, 189 
setting of safety valves, 184-185 
superheater safety valves, 186, 188 
types of safety valves, 185-186 
design requirements for, 182-189 
inspection and testing of, 199-200 
manufacturer’s testing of, 199 
material selection for, 184 
mechanical requirements for, 183-184 
operational characteristics of, 182 
operational requirements for, 201—202 
organic fluid vaporizer safety valves, 189 
reheater safety valves, 189 
relieving capacity of, 190-193 
fuel burning, based on, 190 
heating surface, based on, 190-193 
selection of, 202—204 
superheater safety valves, 186, 188 
verification of capacity of, 1938-194 


Power piping systems, 323-325 
Power-actuated pressure relief valves, 
42-43 
Preliminary testing, 381 
Pressure: 
accumulated, 119 
back, 112-114, 403 
blowdown, 403 
built-up back, 112, 113, 403 
burst, 405 
closing, 120, 403 
constant back, 404 
differential between operating 
and set, 404 
leak test, 120, 404 
marked burst, 405 
opening, 120 
operating, 404 
over-, 120, 404 
popping, 404 
primary, 404 
resealing, 404 
seat tightness, 404 
secondary, 405 
set, 113-114, 120, 397-398, 405 
specified burst, 405 
superimposed back, 112, 405 
unit conversions for, 455 
Pressure gauges, calibration of, 394 
Pressure relief devices, 7-8 
ASME Code symbols for, 
129-130 
installation of (see Installation of 


1 DL Anes Aso 
I 1 aUelvictes) 


pressure relie 
nonreclosing, 14-18 
for nuclear systems (see Nuclear 
reactors) 
operation of (see Operation of pressure 
relief devices) 
in petroleum industry 
API standards, 289-290 
fire sizing of, 294-302 
for protection of petroleum 
equipment, 292, 293 
for protection of tanks, 292-294 
seat tightness test for, 302-305 
for pressure vessels (see Pressure vessel 
pressure relief devices) 
reclosing-type, 8-12 
for transport tanks, 272, 274-276 
ASME code requirements, 275 
determination of requirements, 
274-275 
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Pressure-reducing stations, 68-64 
Pressurized-water reactors (PWRs), 
259-263 
main steam safety valve. 268 
pressurizer safety valve used with, 
261-2638 
Pretesting, 347 
Preventive maintenance, 352 
Primary pressure, 404 
Process fluid services, material 
requirements for, 97, 105 
Production testing: 
of heating boiler PRVs, 218 
of power boiler safety valves, 199 
of pressure relief valves, 139 
of pressure vessel PRVs, 244-245 
of rupture disks, 146-147, 251-252 
of rupture disks for transport tanks, 
286 
of transport tank PRVs, 282 
PRVs (see Pressure relief valve[s]) 
PWRs (see Pressurized-water reactors) 


Rated capacity, 404 
Rated relieving capacity, 120 
Reassembly, 384 
Reclosing-type pressure relief devices, 
8-12 
pressure relief valves, 8, 10 
relief valves, 10-12 
safety valves, 8-10 
Reconditioning, 383 
Records: 
of inspections, 3738-375 
valve specification, 346 
Refining, 290-292 
Reheater safety valves, 189 
Relief valves, 10-12 
adjustable, 10, 11 
buckling pin, 84-87 
electronic, 11-12 
rupture pin, 83-84 
(See also Pressure relief valve[s] 
[PRVs]; Safety relief valves) 
Relieving capacity: 
of nuclear-system pressure relief 
devices, 267 
of power boiler safety valves, 190-193 
Relieving conditions, 154-155 
Repairs, 347, 377-387 
documentation of, 386, 387 
individuals/organizations qualified to 
handle, 377-3879 


nameplate indicating, 386 
of pressure relief valves, 379-385 
bearing points, 384 
cleaning of parts, 382 
disassembly, 381 
inspection of parts, 382 
lapping, 383-384 
preliminary testing, 381 
reassembly, 384 
reconditioning of parts, 383 
ring adjustment, 384 
sealing, 385 
testing, post-repair, 384-385 
visual inspection of received valves, 
379-881 
Reports and reporting: 
of inspections, 373-375 
on shop testing, 401, 402 
Resealing pressure, 404 
Resistance-to-flow method, 178 
Reverse-acting rupture disks, 77-79, 124 
Ring(s): 
adjusting, 47 
blowdown, 109, 111 
Ring adjustment, 384 
Rough handling (as cause of improper 
performance), 354 
Routine inspections, 366 
Routine maintenance, 348-349 
Rupture disk(s), 15-16, 69-87 
accessories for, 80-83 
applications of, 71—7¢ 
bill of materials for, 106 
capacity certification of, 138-139, 
145-146 
for combination relief, 73, 74 
composite, 76, 77 
conventional, 74—75 
defined, 405 
design of, 123-127 
fluids for, 107 
forward-acting, 123-124 
graphite, 79-80, 124 
history of, 70 
inspections of, 372-378 
installation of, 328-331 
guidelines installation, 330-331 
inspection, 330 
preparation for, 330 
lot of, 405 
manufacture of, 141-149 (See also 
under Manufacturing) 
manufacturer’s data reports on, 149 
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Shop testing (Cont): 
portable testers, 396-397 
reporting on. 401, 402 
of rupture disks. 401, 402 
seat tightness test, 899-401 
setting the pressure, 397-398 
stands, test, 391-396 
Simmer, 120, 405 
Sizing, 151 
API, 155 
of pressure relief valves, 151-176 
for air. 167-168 
and API RP 520, 155 
for liquids, 163-167 
mixed phases, 175-176 
multiple valves, 168-170 
PRV/rupture disk combinations. 
171-174 
required sizing data, 153-155 
saturated-water valves, 170-171 
and thermal expansion of trapped 
liquids, 174-175 
and value sizes, 151-154 
for vapors and gases, 156-163 
required data for, 153-155 
of rupture disks, 171-174, 176-178 
of valves (in general), 152-1538 
Skirt, seat disk, 109 
Slope method: 
with heating boiler PRVs, 221 
with power boiler safety valves, 
196-197 
with pressure relief valves, 136 
with pressure vessel PRVs, 244 
Soft-seat safety valves, 29, 59, 60 
Sonic flow, 160-161 
Sour gas services, material requirements 
for, 96, 101 
Spare parts, 358, 360-361 
Specifications: 
for pressure relief valves, 51 
for rupture disks, 83 
for safety valves. 65-67 
(See also Codes and code requirements: 
Design requirements) 
Specified burst pressure, 405 
Spring(s): 
as cause of improper performance, 356 
power boiler safety valves. 183 
pressure relief valves. 48, 90, 2382 
safety valves, 62 
Spring-loaded pressure relief valves: 
bill of materials for, 101 


specification sheet for, 413 
(See also Pressure relief valve[s] 
[PRVs]) 
Stainless steels, austenitic, 92, 93 
Stamped capacity, 120 
Stamping: 
capacity requirements for heating 
boiler PRVs, 219 
of nuclear-system PRVs, 268 
of pressure relief valves, 140-141 
(See also Marking) 
Stands, test, 391-396 
Steam: 
testing with, 391 
valve sizing and critical flow of, 
159-161 
Steam boilers, safety valve requirements 
for, 208-211 
Steels, cast, 92, 93 
Sticking, 357 
Storage, 361 
Subcritical flow, 161-162 
Subsonic flow, 162-163 
Superheat correction factor (table), 
431-432 
Superheater safety valves. 186, 188 
Superimposed back pressure, 112, 405 
SVI (Safety Valve Inspector), 365 


TD symbol, certificate of Authorization 
for, 284-286 
TEMA (see Tubular Exchanger 
Manufacturers Association) 
Temperature, unit conversions for, 456 
Temperature-actuated pressure relief 
valves, 43-44 
Terminology (list of terms), 408-405 
Test data sheets, 223 
Test gag (see Gag) 
Test laboratories, 131-133, 425 
Test plugs, 50 
Test stands, 391-396 
Testing, 348 
in-service, 367-368 
as maintenance, 352-354 
by manufacturer (see Production 
testing) 
operation, 888-339 
post-repair, 384-385 
of power boiler safety valves, 
199-200 
preliminary, 381 
of pressure relief valves, 122-123 


PSI ‘seovjans SuLpoUaTA 
6GP ‘OJ SUOTSTAAUOD JIUN “JYSTOM 
QGP ‘Jo AjIsuap IO} SUOISAAEAUOD YIUN 
06E “YIM 3ur}S94 
Osr “(0193) 
jo oinjesedwo} pue sinsseid uolyeinyes 
1OqeM 


BLE “Oj 
UOTIVZTILOYINY JO oyVotjftz100 ‘[OquiAS YA 
QGP ‘IOJ SUOISIAAUOD 4IUN ‘aUINTOA, 
LQG ‘suotjoodsul Weet}S-U0 [eNsI,, 
cgg ‘suotqoedsut [enst,, 
T8E-6LE 
‘SOATBA POATOdeI JO UOTJOAdSUI [eNSIA, 
PEI-E6L ‘Ajtoedeo Jo UOTJBOTILIOA, 
LZg ‘sutdid yuo, 
(sesery aas) s10deA 
(Isaud] [s]oarea 
Jol[ed ornssaig aas) Jorjed aanssead ‘saaTeA 
SOP ‘8h “WILT} OATeA 
OPE ‘Splooed UOT}eoTFIOeds BATA 
(SUIZIg OS] 22g) EGI—-ZT ‘sozts aa[VA 
OG ‘S10}BdIpUT UOT}ISOd dATVA 
PI ‘SeaTea Ayoyes Je[log 14amod 
TZT ‘JO ustsep 
LY ‘Apog ealeA 
Gor ‘yaoddns winnoeA 
CI ‘PT ‘SOATBA Jorfad WNNdeA, 
LEL “OSL 
‘IOJ UOTJVZLOYINY Jo 9} VoYIy190 ‘JoquIAS A 


SET “OST “AOF 

UOTJVZILOYINY JO oy VOTJIZ.A100 ‘FoquIAS AT) 
6I-8T “Sepod *g'/-) 
89g ‘suoT}DedsuUI pe[npeyosuy) 

BSP ‘FYSIOM OJ 

QGP ‘AUIN[OA IOJ 

QGP ‘einzer1adwi9} 10J 

CGP ‘einssead 10} 

CCh—-PGP ‘yeoy pue JaMod JOj 

9Sh YASUI] Io; 

EGP ‘OJeI MOT] OF 


Slp —- xepul 


QGP ‘10}8M Jo AyIsUep IOJ 

LGP “Bore 10F 
6SF—-ESP ‘(Se[qB}) WOISTeAUOD YUP) 
Z@ ‘S[assea oinssoid poryug, 


TEZ—08S ‘(VINGL) UoryBLossy 
s1oINpRnNuB Josueyoxy Ie[nqny, 
09S-8GE ‘suTJOOYsSeTqnor], 
GOP ‘8h ‘oaTea ‘WI, 
98z ‘Jo sutysey UoTyOnpoid 
8m ‘SJUMWeIINbas sTetiojyew 
Ggz ‘Jo suryiew 
C8Z-P8z ‘JO ainjovjnueuUl 
L8Z-98z ‘SyuoWeIINbes UOT} eT [VyISUT 
P82 ‘8s ‘syUsWeIINber USIsep 
G8Z ‘JO UOTIBOTIIVL09 
L8Z-Z8ZG ‘IOJ SYstp oanydna 
8G JO Sulyse} UoTJONpoAd 
082 ‘6LG ‘SyUeWerInbad sjetiojyeu 
Z8Z-18S Jo suryreu 
T8Z ‘08% Jo sanqovjnueu 
8LZ-9LZ ‘O[AYS [BUIOqUT 
08Z ‘6LZ ‘LLZ ‘9LZ ‘eA4s [eustezxe 
6LZ-LLZ ‘S}UeWeIINbed USISEp 
18Z ‘JO UOT} BOTII}.100 
Z8C-9LSZ LO} SOATBA Jotfer einsseid 
9LZ ‘GLZ ‘S}UoWoLINbar UOT}eT[eISUT 
GLO-VLG 
‘sqUsWoaINbed JO UOIJVULUILEJep 
G)Z ‘SsyUeWerINbed apod YINSV 


Q9LZ-VLZ ‘CLE 
‘([e@1ouUes UL) LO] SedtAep Joljer ainssead 


L8G ‘AOJ SeotAep uld Sulyeoiq 


PLO-ILG ‘Suey Wodsuedsy, 
PLE-GLG ‘SYUey LTV I], 
GGG SOATBA Jol[ad AJoyes GI, 
QET ‘SOATBA Jol[or aInssoad YIM 
Q6I ‘SeATBA AjoTes Ia[IOg Jamod YIM 
BGS ‘SAUd A[tog SulyBoy YIM 
:poyjJoU OATVA-99IY, J, 
GLI-PLI “1oj Sutzts 
‘sptnbr, podde. Jo uotsuedxe [eulsey,], 
(sutjseq} doys aas) doys ut 


About the Author 


MOHAMMAD A. MALEK, PHD, PE is an internationally 
recognized expert in boiler and pressure vessel 
technology. He is a professional engineer registered both 
in the United States and Canada. He has more than 

30 years experience in design, construction, installation, 
operation, maintenance, inspection, and repair of boilers 
and pressure vessels. He has published numerous 
technical articles and authored chapters in a few books. 
Dr. Malek is a member of the American Society of 
Mechanical Engineers, National Society of Professional 
Engineers, American Society of Safety Engineers, Association of Energy 
Engineers, Association for Facilities Engineers, International Facility 
Management Association, National Association of Power Engineers, Florida 
Engineering Society, and Society of Operations Engineers, UK. He isa 
speaker for ASME Code Section I-Power Boilers. Currently he is Chief 
Boiler Inspector for the State of Florida. Dr. Malek is an adjunct professor at 
the FAMU-FSU College of Engineering, Tallahassee, Florida. 


